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PREFACE. 



This field manual has been prepared expressly for the au- 
thor's students in surveying, in the expectation that its use 
would go far toward solving the problem of how to properly 
guide the field work for a large number of students with a 
limited corps of instruction. It attempts to supply the stu- 
dent with a clear statement of what each problem consists, 
the necessary equipment for its solution, together with proper 
methods of performing each problem and recording its fieM 
notes. The use of mimeograph copies of part of this book the 
past two years has proved a great saving of time, as well as 
otherwise aided in the thoroughness of the instruction. It is 
intended that this manual shall to a certain extent take the 
place of an instructor, but not thei^ihevLH general :t/83rt* 
book. It will add the definite directions for - each in-oblem, -to " 
the 'general instruction contained in th^!^#xnii>t)ks;-^^Vher- 
ever reference is had to the page of text 1x)0lC, ydWniwinV Swr- 
veying is meant. i ' ' , ' ^ ^ » \: 

The fifty-five problems given constitute the required' typo- 
graphic work of the freshman and sophomore classes in Civil 
Engineering. Other students, of whom only a short general 
course in surveying is required, need take only the following 
problems: 2, 4, 6, 11, 12, 13, 16, 21, 22, 23, 24, 32, 34 and 50. 

All the land surveying problems given have been performed 
many times, and as a careful record of the results has been 
kept, the instructor, by means of his record, is able to point 
out in the field the errors made and thereby l\ids^ \.\>kA ^si^y^ 
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lence of the instrumental work. It is hoped that every sti? 
dent will put forth his best effort to secure the degree o( 
accuracy sought, as well as earn a reputation for accuracy 
and industry. The acquisition of such mental habits will be 
at least of equal value with the technical information afforded 
by the exercises. 

Leonard S. Smith. 
Madison, March 19, 1900. 



PREFACE TO SECOND EDITION. 

The principal change in this edition consists in the addition 
of a chapter on railroad surveying, giving full directions for 
the equipment and management of the usual field parties re- 
quired on preliminary, location and construction railroad sur- 
veys. 

This chapter was prepared by Mr. Lester Williams, in- 
structor in civil engineering, University of Wisconsin. Hlf 
oCxpferleHcSa as'aA ^g&^S* for the Pennsylvania Railroad givtf 
" tfiJe^ial value to ^hrs'^cba'pter. 

WinQlow^^^eUdfeTw deduction tables have also been added. 

Au/uirri9ttfr''^ ' l. s. s. 



PREFACE TO THIRD EDITION. 

Advantage has been taken in this edition to replace the 
printed forms of field notes by others in manuscript form, 
similar to those used in actual practice, and to correct erroif 
found in the Second Edition. 

£fept., 1908. L. S. a. 
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TOPCXJRAPHIC ENGINEERING* 



GENERAL INSTRUCTIONS TO FIELD PARTIES. 

1. Complete notes of each problem in proper form must ba 
made during the progress of the field work. 

2. The notes should be so complete as to be readily undorstcKxl 
by any one fa»piliar with such work. 

3. The notes should be a journal of each day's field work, giv- 
ing (a) Name of problem; (b) Date; (c) Time spent on each prob- 
lem; {d) Name of instrument used; {e) Personnel of party; (/) A 
detailed report of all work. 

4. No notes are to be copied from another note-book, but in 
general, wherever possible, both members of the party will record 
full notes. 

5. In no case and for no cause shall erasures of the field-notes 
be made. Should any figure be erroneously entered, it should 
be crossed out and a correct entry made near by. 

6. When the problem requires the work of two or more, each 
student in turn must act as chief, do the instrumental work, and 
take notes for a complete solution of the problem. 

7. No credit will be given for field work except as it can bo esti- 
mated from the field notes, and the student is urged to cultivate 
the habit of doing things quickly as well as accurately. 

8. A clear and complete index of all field notes shall be pro- 
pared on first pages of field book as the work progresses. 

9. Field books will be handed in for inspection every two 
weeks. 

10. Only 4 H pencils should be used for recording. 

11. Students should read over carefully the instructions before 
beginning a problem and see that they are fully understood. 

^2. Students will be held responsible for all equipment issued 
to them, and any loss or breakage must be made good to the 
University. Students should examine all equipment when issued 
and report then any injury or deficiency, in order that the re- 
tponsibility may be properly ^zed. 
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CHAPTER I.-USE OF CHAIN. 



PROBLEM 1. 

STANDARDIZING THE TAPE OR FINDING ITS TRXJB 
LENGTH. 

Equipment. — Chain and tape used in problems 2 and 3. A 
standard tape, spring balance, two tripods with plumb bolM, 
triangular scale and a strip of white card board. 

Directions.— lat Unroll the standard tape on the floor of 
college gymnasium or other suitable place, tacking a piece of 
white card board under the zero and 100 foot mark. With a 
tension of 12 lbs., as shown by the spring balance, mark witli 
a knife edge the length on the card board of the 100 feet 
Make a similar measurement with both the tape and the chain, 
whose true length is desired, and note carefully the difference 
and its sign, i. e., too long -|-, too short — . 

2nd. Observe by several trials the changes in the length of 
the chain and tape by making the tension 12 lbs., then 20 Ibfl^ 
etc. Record the results in note book and compute the average 
change in length for a variation of one pound of pull. 

3rd. Hold the chain and tape clear of the floor and by use 
of the plumb bobs to mark the ends, flnd the tension required 
to make the tape and chain of standard length. Repeat the 
expealment three times and use the average pull in the field 
measurements which follow. 



fU// 



/s 

s 

5 

\/5 



i 



Lc/?^//? 



/oo^.oos 
y.^/9 






.o/z 
.o/z 



:for /o^ch^ng in pu/l 
= .0/2/ 
Co/DpLttcd pa// to V 

/TTisH'e. -^cppe /oofi-. 



Field Notes — Continued 
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PROBLEM 2. 



LINEAR MEASUREMENTS; CHAINING. 



Equipment. — Link chain, (same as tested in Problem 1), set 
of marking pins; one range pole, one plumb bob. 

Directions. — Set a range pole successively at the corners of 
Farm number one, and measure the length of each side as 
well as the diagonals radiating from Sta. M, Make two meas- 
urements of each line — one in each direction, lining in by eye, 
and taking care that the two ends of the chain are always at 
the same level, "breaking chain" whenever the slope requires 
it. Always drag the chain ahead its full length, even if it 
makes it necessary for the head chainman to walk back in so 
doing. Always place a pin at each even chain length and 
begin again at that point for a new chain length; keep account 
of the number of whole chain lengths by means of the pins. 
If the rear chainman has always a pin at the beginning or 
initial station, then the number of chains at any point is the 
number of pins he has in his hand (not counting the pin in 
the ground). Use a foot rule or a pocket tape to measure the 
fractional part of a foot. The Iyto meaaMxem^TLXa ^\ ^'^^^ ^'i*? 



tance should check by 
an amount not greater 
than -,-^^5^ part of the 
length of the line. By 
careful work the error 
can be made much less 
than this. 

Record the results of 
the chaining in the 
neld book, together 
with a sketch of the • 
farm as here shown. ^ 
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Office toorfc.— Compute the area of each of the triangl*! 
MBC, MCD, &c., using the formula Area = i/«"(«^a) (s—b) («-<jj ] 
where s stands for the ^ sum of the three sides of a trias|j|i 
and a, 1> arnd c, are its sides. 
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PROBLEM 3. 



USE OF STEEL TAPE. 

Equipment. — 100 ft. steel tape, set of pins, two range poles,, 
le plumb bob. 

Directions. — Proceed as in Problem 2 to measure twice (in 
pposite directions), the sides of Farm number 2, taking great 
ains to level and align the tape correctly as well as use the 
roper pull (found in Problem 1). Take great care in all the- 
[iiious operations. In good work the difference in the two 
V isurements of any line should not exceed part of the 

t stance. Draw a diagram of the field on the right hand side 
; rhe field page and record notes as in Problem 2. 

Caution.^In measuring lines on hill sides beginners gener- 
lly hold the down hill end of tape too loto thereby getting 
iatances too long. This can be tested on the campus by cora- 
'ulson of the tape line with the water table of neighboring 
:iildings. The horizontality of the tape can be best tested by 
bird observer when opposite the middle point of the tape* 
Jid .<?Jout 100 feet distant from it. 

Form of field notes same as for Problem 2. 



PROBLEM 4. 



LAYING OUT RIGHT ANGLES WITH A CHAIN. 

Eqwipment. — Link chain (or tape) and set of marking pins. 

Directions. — Select an area (like the lower campus) where 

a square of about 200 feet on a side can be laid out. By means 

of the chain and the "3, 4, 5" 
(or multiple thereof) method 
lay out right angles at each 
corner of the square. Thus 
at corner h fix the zero of 
chain at h (with a marking 
pin) and have one man hold 
the 30-foot marked at "m" 
in the line h a, then with 
the 90-foot point held at m 
and the zero point at h swing 
the 40 mark until both sec- 
tions (40 and 50 feet) are 
taut. The angle m b n will 
be a right angle. Produce 
the line hn to c, making he 
200 feet, then repeat the op- 
Measure a a' and compute the 

^ ^ If care is used in doing 




riq.a 




eration until a is reached. 

a a* 
error of closure ^ — : — :; — — oTvT' 
perimeter 800 . 

the work and especially in producing the lines, the closing 
error a a' may be made less than one-half of a foot. 

Record results with a sketch in the field book, with a state- 
ment of party, instrument, date, hour and time. 



PROBLEM 6. 

TO CHAIN THROUGH AN OBSTACLE. 

Equipment.— ^^me as in preceding problem. 
Directions. — Select two points on the campus and lay off • 
right angle at &, c, d and e as shown in figure making do ^ 
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ackwards a xlis- 
ance equal to c d 
nd note failure 
if line so pro- 
luced to hit 6. 
fleasure and re- 
ord with sketch 
;&' and &^)^ 

Field notes. — 
Sketches in the 
ield book as 
ibove with state- 
nent of results, 
will constitute a 

jufficient report. The magnitude of the errors made will Indi- 
cate how much reliance can be placed on such methods. 
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PROBLEM 6. 



TO MEASURE AN ANGLE WITH A CHAIN. 



Equipment. — Chain or tape, two range poles and set of pins. 

Directions. — Measure all the 
Ingles in Farm I by the method 
5\iggested in the following figure, 
ising the formula 

If the angle should be greater 
iian 90 it will probably be easier 
o measure the supplement of the 
Lxgle. 

The following form is a con- 
venient one for record in field book 
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PROBLEM 7. 

TO DETERMINE THE TRUE HORIZONTAL DISTAN( 
BETWEEN TWO POINTS ON A SLOPE BY MEAS- 
URING THE SLOPE DISTANCE AND THE 
DIFFERENCE OF ELEVATION. 

Equii^ment. — Steel tape, level and rod, or hand level. 

Directions. — Determine the distance between two static 
-of Farm number 1 in the following manner: Measi 
the distance along the slope between the stations, setting 
stake wherever the slope changes. The difference between s 
two measurements should not exceed 1-10,000 part of the < 
tance. Determine the differences of elevation between ' 
stakes either with hand level or otherwise. The horizontal ( 
tance between the stations is Jo be derived from the measui 

R2 
•distances by applying the correction C = — g^-» in which R 

•difference of elevation of two stakes and S is the distai 
measured along the slope. 

Use the following form of notes: 
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CHAPTER II.-THE COMPASS. 



PROBLEM 8. 

ADJUSTMENT OF THE SURVEYOR'S COMPASS. 

I. By tjie maker: 

1. To make the plates perpendicular to the axis of the 

socket. 

2. To make the diameter through the zero graduations 

lie in the plane of the sights. 
II. By the surveyor: 

1. To make the plane of the bubbles perpendicular to 

the vertical axis and therefore parallel to plates. 

2. To adjust the pivot to the center of the graduated 

circle. 

3. To straighten the needle. 

4. To make the plane of the sights normal to the plane 

of the bubbles. 

5. To remagnetize the needle. 

Directions. — Write up a full report of how you tested the 
adjustments and manner of connecting errors found. Draw 
diagrams explaining method. 



PROBLEM 9. 

SIGHTING AND READING NEEDLE. 

Equipment. — Surveyor's compass and sight pole. 

Directions. — Set. up the compass over some corner of Farm 
1 as AM and with an east declination of 5°— 00' point and 
read the needle when sights are pointing at station A, B. C, D. 

After sighting and reading these directions by estimation of 
the needle to the nearest 5 minutes, change the declination a 
few minutes and again take the readings. From the needle 
bearings, the angles between the points should be computed. 
The discrepancies between the two sets of readings will give 
some idea of the degree of reliability of needle readings. 

The following form for field notes is a convenient one to 
employ: 
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PROBLEM 10. 



RUNNING COMPASS TRAVERSE. 

^gwipmewf.— Compass and rod, plumb bob. 

Directions. — Set up the compass over some corner of Farm 
number 3, as J "M" then sight J "B" and J *T' (declinap 
tion of 5° being properly set off). Then take the compass to 
J "B" and sight back at J "M" and forward to J "(7," read* 
ing the needle at each pointing, and continuing in the same 
manner around the field to Sta. *T'. Unless there is local 
attraction the back and fore sights should closely agree except 
the E and W, N and 8 will be interchanged. If local attrac- 
tion be found determine its amount. 

From these bearings, compute the angles at the several cor 
ners and compare them with the results obtained from chain- 
ing (see problem 6). The correct values for the angles of 
Farm 1, are B ilf / = 178° 02^ M B C = 69° 32', B C D^ 
152° 24', C D E = 146° 49', D E I = 100° 26', E I M.= 72**-47'. 

The check on the work is that the sum of the angles must 
equal 2 n right angles, minus 4 right angles, where n is the 
number of sides of the closed field. 
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CARE OF INSTRUMENTS OF PRECISION. 

As stated in the general instructions, students are held 
strictly responsible for the safe keeping and judicious use of 
the instruments intrusted to their care. In no case will this 
rule be departed from. The necessity of this rule is seen 
when the great cost and delicacy of such apparatus are consid- 
ered. The following cautions should be read carefully. Their 
observance may prevent a costly accident. 

It certainly does not betoken proper care to leave an instru- 
ment standing unguarded in a street j road, or pasture, or in 
close vicinity to blasting, or to expose it unnecessarily to the 
burning rays of the sun, or to dust, dampness, or rain at any 
time. Such carelessness must inevitably result in deteriora- 
tion of the accuracy and efficiency, not to speak of the dura- 
bility, of an instrument. 

It should be borne in mind that there are many parts of an 
Instrument which, if once impaired, cannot be restored to their 
original efficiency. 

Legs of tripods, if fitting too loose or too tight, and dull 
shoes are frequent sources of falls, and loose shoes t^nd V<y 
make an unsteady instrument. Tlie teat ol t\ie ^^^^^x ^^'et^^et 
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of the tightness of the legs is this, that if the leg is raised to 
a horizontal position and left free, it should gradu£|lly sink to 
the ground. If it drops abruptly it is too loose; if it does not 
sink it is too tight. 

When taking an instrument from its box, it is not immate- 
rial where and how to take hold of it. To lift it by the tele- 
scope, circles, standards, or wyes is improper, and while it 
may not be attended at once wl^h any serious consequences, 
yet it may sometimes lead to some permanent injury, and it 
certainly is always fraught with danger to the permanency of 
the adjustments. In handling it is always best to place the 
hand beneath the leveling base. 

When mounting an instrument on the screw of its tripod, or 
screwing any of its parts together, it is important to turn the 
part in the direction of unscrewing until it is perceived by a 
slight jar that the threads have come to the point whnre thev 
enter; the motion may then be reversed, and the parts screwe 
together. 

To secure an even wear of tangent and micrometer screw: 
they should be used equally on all portions of their lengths. 

Carrying an instrument in cold weather into a warm roc© 
without the protection of its box or bag, will cause a sudde': 
exchange of air within the hollow spaces, and carry with '- 
dust and other substances through the minutest openings. Th- 
vapor, also, that will thus condense on the metal surfaces, if i 
were not protected, will have a tendency to settle a film oi 
exposed graduations, making them indistinct and difficult tt 
Tread. 

Failure to protect the lenses of the eye-piece and object-glaf' 
»Df a telescope, when not in actual use, from the effects c 
moisture, dust, etc., by the covers provided for them (eyepiece 
lid and cap) will result in a more frequent settling of a thir. 
film, which, like the fatty substance left by the touch of tlf 
fingers, greatly impairs the clearness of vision. That the t«fl 
frequent cleaning of the lenses must in the course of time l« 
. detrimental to their brilliant polish, and lead to a correspom'- 
ing loss of transparency so essential to the proper working C 
a good telescope, is apparent. Too much care cannot be take* 
to guard the lenses, and particularly the inner surfaces of tl? 
lenses comprising the objective, against any film that may sfr- 
tie on them. The ill effects of such a film are especially tf*- 
ticeable in high-powered telescopes of first-class geodetic an' 
astronomical instruments. In short, it should be rememhere-i 
that the slightest film, scratch, or dirt will, according to the" 
nature and location, impair the sight through a telescope, an* 
-'fti^n render it unfit for accurate wotV.. 
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CHAPTER III.-LEVELING. 



USUAL ADJUSTMENTS OF THE WYE MJVEL. 

I. Preliminary focusing of eye piece. 

II. Collimation adjustment. 

(a) Making the vertical wire truly vertical. 
(&) Making line of sight coincide with the axis of 
telescope rings. 

III. Bubble adjustment. 

Cocusists of making axifi of bubble parallel to line of 

collimation by either 
I (a) Direct or peg method, or 
(&) Indirect method. 

IV. Wye adjustment. 

Consists of making the axis of the wyes and conse- 
quently the axis of bubble perpendicular to vertical 
_ axis. 

In addition to the above all Gurley levels can have a llftK 
adjustment called the 

V. Object Slide adjustment. 

This coneists in making the optical center of the object 
^ glass move in the axis of the telescope tube. 



PROBLEM 11. 

TO ADJUST A WYE LEVEL. 

Equipment -^Wye Levels and level rod. 

Directions, — First throw all parts of the instrument out of 
adjustment; theD perform the adjustments in proper order: 
testing the collimation adjustment by both the direct and in* 
direct methods. Write a complete report of bow you made 
the tests, what discrepancies you found and how you corrected 
them. Use diagrams in explaining the reasons for the correc- 
tion. 
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PROBLEM 12. 

TO ADJUST A "DUMPY LEVEL." 

Equipment. — Dumpy level and level rod. 

Directions. — Proceed as in Problem 11, being sure to note 
that the first adjustment of the Dumpy level is the same as the 
4th or last adjustment of the wye level as follows: 

ADJUSTMENT OF THE DUMPY LEVEL. 

L To make the axis of the bubble perpendicular to the ver 
tical axis of the instrument. 

IL To make the line of collimation parallel to the axis of the 
bubble, i. e., the "peg method." 

Record in the field book as required in Problem 11. 

DIRECTIONS FOR RUNNING LEVELS. 

1. A party will consist of a levelman and one rodman, both 
of whom will keep complete notes. 

2. All levels will begin at U. W. B. M. on foundation Science 
Hall, near front steps, elevation 886.347 ft. above sea level, and 
all problems require the level line to be run in a circuit closing 
on the initial B. M. 

3. Levelman and rodman must keep separate notes and com- 
pute difTerences of elevation immediately. As levelman and 
rodman pass, the former must read the rod himself, record re- 
sults, then compute H. I. and after computations are made, 
compare results with rodman. If the results differ, each must 
read the rod before comparing anything but results. 

4. Fore and back sights should be of equal length, as deter- 
mined by pacing, and no sight should exceed 300 feet. 

5. If it is impracticable to take equal back and fore sights, 
as soon as the steep slope is passed, take enough unequal sights 
to make each set balance, taking extra care to insure a correct 
adjustment of the level. 

6. Always level the instrument exactly before setting the 
target. After setting it and before giving the "all right" sis 
nal examine the level bubble. After the target Is firfnly 
clamped its position should be checked by the levelman. If 
errors are found reset the target. 

7. The level should be adjusted each day. The adjustment 
of the line of collimation and the level tube is especially ini> 
portant. 

8. Rodmen should use steel pegs with round head as tumias 
points, never a point on sidewalk or other movable object 
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Keep the top of turning point free of dirt as well as the bottom 
of the rod. 

9. In case of windy weather use plumbing levels. Long ex- 
tensions of the rod are apt to introduce error into the work, 
and should therefore be avoided in most accurate work. 

10. The limit of error should not exceed 

ft. 

0.05 distance in miles (2,000 paces=one mile). 

11. All Elevations are to be adjusted by distributing the clos^ 
ing error, as explained later, using red ink figures in the cor- 
rections. 

PROBLEM 13. 

DIFFERENTIAL LEVELING. 

Equipment. — Level, rod and steel turning point. 

Haying adjusted the level, run a line of levels from S. H. R 
M. (Ele.=886.347) around No. Farm 1, closing back on initial 
B. M. 
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Note.— (a) At the close of the circuit the notes should show the 
amount of closure error, thus: 

True elevation of B. M 8SS.347 

Elevation per line of levels 8So.34l 



Error 008 

(b) At the foot of each page in field book the sura of the B. S. and 
F. S. readings should be computed and entered in proper column, 
then as a check the difference of the two sums added algebraically to 
the elevation to start with, should check with the elevation obtained 
by the field computations. 

(c) Divide the error of closure by the number of turning points In 
the circuit and apply this quotient, multiplied by the number of. 
points from beginning as a correction to tU^ e\«\«k.WQ\!k. ^"^ '^-ss.Os^ ^\»-- 
tion, entering it above the field figures Msms r^^ \Ti^. 
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PROBLEM 11 

DIFFERENTIAL LEVELING. 

Adjust level every day before beginning work. Run a line 
of levels around Farm No. 2 in the same manner as directed In 
Problem 13. Make an effort to obtain more accurate results 
than before. Use rod levels if the wind prevents the holding 
of the rods vertical. Be sure the bubble is in the center when 
the final setting of the target is made. 

PROBLEM U5. 

PROFILE LEVELING. 

Run a profile line from corner Science Hall down Park St 
to Lake Meudota. Take reading on water level, and also on a 
B. M. on a three sided rock near water and east of fence. 
Afterward draw this profile on profile paper as directed in the 
class, and add a neat title. All figures on the profile which 
refer to elevations should be in red ink, all other figures in 
black. Use "Plate" A. profile paper. 

Form of Field Notes, Problem 15. 
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PROBLEM 16. 

A LONG LINE OF LEVELS ON AN ASSIGNED CIRCUIT. 
(3 TO 5 MILES LONG.) 

Egvipment.— 'Either a wje or a dumpy level, a target level 
rod and a steel turning point. 

Directions. — This problem will be assigned by the instruc- 
tor with full directions as to location. The circuit will be- 
gin and close at some University bench mark, the elevation of 
which will be furnished the levelman. The latter will run a 
standard line of level, reading the target to thousandths. De- 
termine the elevation of such B. Ms. as are assigned and es- 
tablish such new temporary ones on the outward trip as will 
furnish frequent checks on the return line. Notes will be re- 
corded as in Problem 13 and all elevations computed as the 
field work progresses. Report the B. M. elevations determined 
to the instructor so that the line may be re-run in case of an 
error exceeding the limit, viz.: E=.05 ft. v^mileiT 



PROBLEM 17. 



PROFILE LEVELING. 

Equipment. — Same as in problem 17. 

Directions. — Run a profile line from bottom of tunnel near 
U. W. Central Heating Plant northwesterly to Lake Mendota. 
checking on B. M. at the shore and determining the lake level 
as well. Draw a profile of this line, and compute the elevation 
for every 100 feet of the bottom of a tunnel, beginning at the 
level of present tunnel and driven on a 2 per cent, grade. 
What would be the elevation of the point where such a grade 
would come out of the present bluff, and what would be its 
distance .from the point of beginning? Record field notes as 
in problem 15. 

Note.— In riinnfnff these profile levels use a spoakln;? rod, rendlnjr 
without target to the nearest hundredth of a foot on turning points 
but readintf only to the nearest tenth of a foot on all intermediate or 
profile points. Record field notes as in Problem 16. 
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PROBLEM 18. 

Repeat problem 13, but read the speaking rod direct In- 
stead of by means of a target. 



PROBLEM 19. 

DETERMINE THE VALUE OF A LEVEL DIVISION AND 
MAGNIFYING POWER OF AN ENGINEER'S LEVEL. 

Equipment. — Level used in previous problems, level rod and 
tape. 

Directions. — Firmly plant the level in a shaded spot and 
measure a base line of about 200 feet from it to where the rod 
wi) be held, as exi)laine(t in Art. 62, page 58 J. Do not depend 
upon the bubbles remaining the same length, but by means of 
its length determine the distance from the center of the tube 
to the pomt on the bubble where the graduation begins, so 
that all readings of either end may be from the center. Then 
with, say the eye end of the bubble as near the center as the 
graduation will aHow, read and rpcord the number of divisions 
of ea<^h end from the center. At same time set the target on 
the rod held on a turning point at the far end oJ thf base line 
and record its reading. Repeat the operation with the object 
end of the bubble near the center, reading bo^h ends and set- 
ting the target as before. This completes the fteid work which 
may be recorded in this manner. Base line 200 ft.: 
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/ PROBLEM 20. V 

' SKETCHING THE WYE LBVEU 

Ta) Equipment.— Wye Level. 

(b) Prodlem, — ^MaKe a first class sketch of the assigned wye 
level 

(c) Methods. — The sketrh should he correct In proportion 
and clear in detail The ORSPntial parts named in neat form 
and the elementary lines clearly indicated. 
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CHAPTER IV.-TRi\NSnr WORK, ETC 



THE ADJaSTMENTS OP THE ENGINEER'S TRANSIT. 

Id a theoretically perfect transit instrameDt, the following 
poiots are established- 

1. The object and eye glasses are perpendicular to the optical 
axis of the telescope at all distances apart. 

2. The line of collimation coincides with the optical axis. 

3. The line of collimation is parallel to the telescope leveL 

4. The line of colli j[iation passes through, and is perpendicular 
to the horizontal axis of revolution. 

5. The vertical circle is perpendicular to the horizontal axieu 

6. The center of its graduated arc lies in the horizontal axis. 

7. The arc reads zero when the line of collimation is perpen- 
dicular to the vertical axis of the upper plate. 

8. The Mvots of the horizontal axis of the telescope are circles. 

9. Th ^ uearings for these pivots are of the same diameter or 
otherwise exactly similar. 

10. The line of collimation moves in a plane perpendicularly 
above the center of the horizontal graduated circle. 

11. The horizontal axis is perpendicular to the axis of the 
upper plate. 

12. The upper plate is perpendicular to its axis. 

13. The radial lines which form the graduations of the circle 
and verniers are equidistant at the same distance from the axis 
of the upper plate, and pass through this axis. 

14. The levels of the upper plate are perpendicular to ita axis. 
1.5. The vertical axis of the upper plate coincides with the axis 

of the lower plate. 

16. The lower plate is perpendicular to its axis. 

17. The center of the vernier plate lies in the axis of the lower 
plate. 

18. The axis of the plumb bob coincides with the vertical axis 
of the instrument. 

Of the above points the maker attends to numbers 1, 2, 4, 5, 6| 
8, 9, 11, 12, 13, 15, 16, 17, 18, as a part of the skillful manufacture 
of the instrument; and the engineer h^ no facilities for adjusting 
them , away from the shop Points numbered 3, 7, 10 and 14 are at- 
tended to by the maker when the instrument leaves the shop; 
ugh usage, the maker leaves it in the hands of the engine^ 
: owing to their liability to derangement, from accidental 
restore them at any time 
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In order that the student may have clearly before him and 
in proper ordpr the usual field adjustments, they are given be- 
low in tabular form: 

FIELD ADJUSTMENT OF AN ENGINEER'S TRANSIT. 

Preliminary. — Focus the eyepiece until the cross-wires look 
black and distinct, and also appear in the center of the field of 
view. Also turn the reticule until the vertical wire is truly 
vertical. 

I. Plate Bubble Adj.— Make the axis of each plate bubble 
perpendicular to the vertical axis of the transit and 
therefore parallel to the horizontal plates. 
II. Collimation Adj. — Make the Line of Collimation perpen- 
dicular to the horizontal axis of the telescope. 
III. Horizontal Axis Adj. — Make the horizontal axis perpen- 
dicular to the vertical axis. 
IV. Level Adj.— Make the axis of the telescope bubble par- 
allel to the Line of Sight. 
• V. Vertical Circle Adj. — Make the vernier of the vertical cir- 
cle read zero when the bubble is in the center of itf 
tube. 

PROBLEM 21. 

ADJUSTMENT OF AN ENGINEER'S TRANSIT. 

Put a transit out of adjustment, then readjust it in proper 
order (see tabulation above). Write a full report on the con- 
ditions found and the methods adopted for making the cor- 
rections; illustrate the report with carefully drawn diagrams. 
"Record the instrument used and the time employed to do the 
work. , 

PROBLEM 22. 

MEASURE THE INTERIOR ANGLES OF FARM NO. 1. 

Equipment. — Transit and one or two transit rods. 

Directions. — Always set the "A" vernier to read zero, then 
by the lower motion point and clamp on left hand station. 
Then loosen the top motion and turn to the right (i. e., clock- 
wise) and point on the right hand station,, the lower motion 
remaining clamped. Read Vernier A. For a check read the 
exterior angle (called the explement) and their sum should 
equal 360** 



♦ The first three adjustments enable the line of collimation to describe 
a vertical plane. 
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PROBLEM 23. 

RUNNING TRAVERSE SURVEY OF FARM NO. 2. 

Equipment. — Same as in problem 22. 

Directions. — Assume the azimuth from station M to spire of 
the capitol to be 271° 54', thus orienting the plates; then run a 
traverse around Farm No. 2, at each station orienting the 
plate by making the "A" vernier read 
the same on the baclc sight as the "B" 
vernier reads on the fore-sight from 
the station just left to the station now 
occupied. In other words, to compute 
the back sight reading to be laid off 
on Ver. "A.," add 180° to the corre- 
sponding fore-sight reading. If this 
sum should exceed 360° then subtract 
360° from it the difference will be the 
back azimuth. For example, suppose 
the F. S. from A to B was 71°, then 
the B. S. reading from B to A would 
be by the above rule 71° + 180°=251°. 
Again, suppose the forward azimuth 
from B to C were 220°, then the back 
azimuth would be 220-f 180=400°, be- 
ing greater than one complete circle 
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(360") we subtraxjt 360** and get 40° as the back azimuth from 
C to B, This is further explained by the figure. 
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Caution, Begin notes at bottom of page and use onjy every 
other line of book. Except where electric curieots render it 
useless, take magnetic bearings of the lines as a check. Or 
after orienting the plates, turn vernier A to read 180°, then 
the needle ought to read the declination (5° E on the average). 
Be careful to read the right \trnier, and the right part of the 
double vernier, viz., that part of the dpuble vernier on the side 
of zero toward which the graduation increases. This is in the 
direction of Azimuth The closing error in Azimuth should 
not exceed 2^ and with care can be made less. 

PROBLEM 24. 

RUNNING A STRAIGHT LINE. 

^gvfpment— Transit, 2 transit poles, about 10 wire nails (4 
Inch) and a batchet. 

Directions. — Set two transit poles "A" and "B" on Univer- 
sity avenue so that they shall be intervisible and not less than 
four blocks apart. Center transit carefully over point "A* and 
with "B ' as a foresight, set a nail at **C" on line and about a 
block dway. Center instrument carerully over "C" and with 
*'A" as a back sight set "D" about a block taLX\3aft;t Vvi^K^'t^""^? 
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And taking care to *'doul>le center'' it so as to eliminate any 
error in the adjustment of the transit. Set up at **D*' and re 
peat this operation always back sighting on the station just 
previously occupied, setting new points ahead entirely inde- 
pendent of station "B," until station "B" is reached where a 
point "B" should be put just opposite. Measure the distance 
from B' to B. This will be the error of prolonging the stiaight 
line, and should not, in a half mile, exceed an inch. 

This problem should illustrate the fact that a straight line 
■van be run more accurately by fore sight than by back sight 
and quicker. 

Make a diagram of the problem, and record all work and re- 
sults in field book in a written report. 



PROBLEM 25. 



TO DETERMINE BY TRIANGULATION AND VERTICAL 

ANGLES THE HEIGHT OF AN INACCESSIBLE POINT, 

I. E., UNIVERSITY HALL SPIRE ABOVE THE 

WATER TABLE OF NORTH HALL. 



Spire U.H* 




both direct and reversed. Record H. I. 
completes the field work. 



Equipmen t. — ^Transit, 
level rod and tape. 

Directions. — Measure 
a base line A-B oe- 
tween North and SoiiU 
Hall with its ends so 
placed that the spiw 
can be seen from eacL 
Then read and record 
first level reading- 
from A to water table 
of North Hall, and to 
B and thp H. I. at A. 
thus determining ttieir 
differences of level. 

Second, read the hor- 
izontal angles SAB 
and S' B A. 

Third, read the ver- 
tical angles S A S' and 
S B S' with telescooe 
at both A and B. This 
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Ojfict work. — Then in the triangle B. A. 8' compute the un- 
known sides J? /S' and J. S'. Then the distance S S' in the 
ri^ht angle triangle S S' A, will equal AS' tan V which, if 
AcLded to the level reading taken from A on water table will give 
;;he elevation of bottom of ball ot spire above water table. As a 
■^ heck compute this also, using the distance B S' and vertical 
ing^le v. 
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Note. — In pointing on the spire put the horizontal wire so as 
to be tangent to the bottom of the ball, and so the vertical wire 
bisects it. In the above table W. T. is an abbreviation of water 
table of North Hall. 

Use only every other horizontal line in the field book. Arrange 
computation in field book in a neat form usiug a minimum num- 
ber of figures, and showing the check in the two determinations 
of the problem as afforded by the above field work. 

The student will notice that the above data is sufficient for two 
noarly independent determinations, both of which shoul4 be 
computed for the purposes of a check. 



PROBLEM 26. 



SIMPLE TRIANGULATION. 

Equtpmeni, — Transit, two transit poles, steel tape and nine 
transit hubs. 
Directions. — Measure o«i*sr carefyMy a base line on the Sand 
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W roati near the University barn, about 800 feet long. Use 

standardized tap« 
with proper pull, etc, 
and set permanect* 
hubs every 100 feet 
mark the exact 
length on a tin tack 
From the two ends 
of this base line i 
and B, determine 
the angles to the two 
ends of the base line 
belonging .to the 
Student's Trigono- 
metric Survey, ai 
shown in the figure 
C D. Measure eit?ht angles for a creek and having adjusted 
them compute the length of the line C D. The true length of tlii» 
line is known from direct measurements with a probable error 
not exceeding -^ji^jru o^ ^^s length. Measure the angles by the 
repeating method. See page 532 of Johnson's Surveying. Bj- 
ercise great care in centering the instrument and targets, t 
handling the instrument and tangent screws, and in makidE 
the pointings and readings. 



PROGRAM FOR REPEATING ANGLES REQUIRED IN 
Problem 26. 

TELESCOPE NORMAL. 

1. Set on left station and read both verniers. 

2. Unclamp above and set on right station. 

3. Unclamp below and set on left station. 

4. Unclamp above and set on right station. 
Reverse the telescope and 

5. Unclamp below and set on left station. 

6. Unclamp above and set on right station. 

7. Unclamp below and set on left station. 

8. Unclamp above and set on right station and read bofli 
verniers. 

Note. — The above program provides for four repetitions, \JII% 
the final reading is four times the value sought. 



i 
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PROBLEM 27. 

ADJUSTMENT OF SOLAR TRANSIT. 

Equipment, — Engineer's Transit and Saegmuller attachment 
or B and B Transit 670 and B anti B solar attachment. 

Directions. — Having previously thoroughly adjusted the main 

transit, test the two adjustments of its solar attachment, viz.: 

I. To make the polar axis perpendicular to the plane of the 

line of collimation and horizontal axis of main telescope. 

II. To make line of sight of the small telescope parallel to the 

axis of its attached bubble. 

These two adjustments insure the parallelism of five lines, 
viz.: the two lines of sight, the axes of the two attached bub- 
bles, and the axis of the one plate bubble (parallel to te^ 
escope) ; besides this the vernier of vertical circle should now 
read zero. 

Write a report of conditions found and manner of making 
the above two adjustments. 

PROBLEM 28. 

TO DETERMINE THE AMOUNT OF THE SUN'S REFRAC5- 
TION IN DECLINATION. 

Directions. — By the method explaineti in the following ar- 
ticle make several determinations of the refraction at several 
hours of a sunny day. Check results by computing the re- 
fraction for the same times using the refraction tables on the 
pages 103 and 104 of Johnson-Smith's Surveying. 

A SIMPLE WAY OF CORRECTING THE SUN's DECLINATION FOB THE 
EFFECT OF REFRACTION. 

Having focussed the eyepiece and object-glass of the transit 
BO that a clear image of both the sun's disc and the cross-wires 
can be seen on the screen held behind the eyepiece (a piece of 
white paper held by the hand will do for a screen), set the 
horizontal circle of the transit to read some integral ten min- 
utes and point on the sun by the lower motion. 

The earth's diurnal motion will carry the sun across the ver- 
tical thread of the instrument. Note the time on a watch to the 
IXearest second when the sun is tangent to the vertical wire, 
keeping the lower motion clamped, unclamp th^. ui^T^e^ ^xiA. 
'^Urn the alidade in the direction ot l\ie »\\xv'^ TciQrN^xftKoX, V ^^ 
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toward the west, and set the vernier to read the next ten min- 
utes. Note again the time when the sun Is tangent to the ver- 
tical thread. Also read the vertical angle to the sun. Then 
if we call n the interval of time elapsed. in seconds while the 
sun (really the earth) was passing through ten minutes of arc, 
and call h the vertical angle in tiegrees, the refraction d, in 
minutes, is given by the equation 



d (in minutes) 



2000 

h. n ' 



Experience in using this formula has shown that its maxi- 
mum errors will not exceed 15" when the sun is above 10' 
altitude, while its average error is less than half this amount 
As the refraction correction, as ordinarily computed, is basec 
upon average conditions of temperature and barometric pres- 
sure, seldom exactly realized in any given case, the writer haf 
not been surprised to find that results obtained by the use n' 
the above formula are quite as good as those obtained fron 
the more complicated and pretentious formulas and tables. 

A still more, accurate determination of the refraction can be 
made by the use of the following equation: 

d (in seconds) = — » 
n 

where d is in seconds and n stands for same quantities as !)«■ 
fore, while K is obtained from the following table by enterin' 
it with the measured altitude of the sun as an argument. 



IS'' 
20'* 
25" 

30° 



^•. 


Dif. 
for 1°. 


h. 


N. 


Dil 
for l". 


219 




SO** 


59 




144 


15 


40*' 


37 


2.2 


104 


8 


50'' 


22 


1.5 


79 


5 


60" 


12 


1.0 


59 


4 


70" 

1 


5 


0.7 



The altitude of sun need only to be observed to the nearei 
ha)! degree. 
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The tabulated values of N correspond to a temperature of 
50 "^ F. and a barometric pressure of thirty inches. They may 
be adapted to any other temperature by diminishing d by one 
per cent, for each five degrees by which the temperature ex- 
ceeds 50**, or by increasing one per cent, for each five degrees 
below 50**. 

This correction and the correction for variations of the ba- 
rometer can usually be neglected. At great elevations, how- 
ever, the barometric pressure becomes so much reduced that 
its variation must be taken account of, and this is done by 
diminishing d by one per cent, for each three hundred feet of 
elevation above the sea. 

Note.— This method was devised and first used by Prof. George C. 
Comstock of the University of Wisconsin. 



PROBLEM 29. 

TO DETERMINE THE LATITUDE OF A PLACE EITHER 

WITH AN ENGINEER'S TRANSIT OR WITH 

A SOLAR ATTACHMENT. 

Directions. — 1. With an Engineer's transit. Determine the 
refraction at a few minutes before noon, by the method used 
in Problem 28, or by use of the refraction tables, page 48a-48&. 
Then bring the vertical and middle horizontal cross-wires to 
bisect the image of the sun received on a card board held a 
few inches back of the eye-piece. As the sun approaches the 
meridian, his attitude will increase, reaching a maximum at 
culmination. The observer should follow, by means of the 
tangent screws, both the sun's motion in azimuth and in alti- 
tude, being careful to stop following when the sun turns and 
begins to descend. Read this maximum value of the sun's alti- 
tude (h) on the vertical circle, then we have Lat. = (90-7i) 
_|_ 5', where 5' is the declination of the sun corrected for re- 
fraction for noon. Be careful to observe the sign of 5' as it 
may be either _j_ or — . 

(2) By use of the solar attachment. — Both the large transit 
and its solar atachment should be in perfect adjustment. In 
this as well as in the following problem it is necessary to com- 
pute the apparent declination of the sun from the solar ephem- 
eris, so the method of doing this will be first ex\>l^Vckft.^. 
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Look in the table of the Greenwich Solar E^phemeris against 
the date of the observation and take out the following quanti- 
ties: 

(a) The sun's apparent declination at Greenwich noon with 
its sign + or — , meaning north and south respectively. 

{b) Find from a mi^ the difference in longitude between the 
place of observation and Greenwich as near as one-half hour 
or 7i dc^grees. This is + when W and — when east of Green- 
wich. 

{c) To this difference of longitude expressed in time, add the 
tune of the observation from noon, this time being -|- when the 
son is west and — when east of the meridian. 

(4Q MuHiply the hourly change, as given by the ephemeris by 
this result in hours, noting all signs. 

(e) Add this product, regarding its sign, to the sun's appa* 
rent declination, as taken from the table, the result will be the 
sun's declination at the time of the observation. This process 
can be simplified in the case of Madison observations because it 
happens to be almost exactly 90° (=6 hours) west of Green- 
wich, so that all declinations given in the Ephemeris for Green- 
wich noon will apply without correction for 6 A. M. Madison. 
Then the hourly change in declination is multiplied by the time 
which has elapsed since 6 A. M. Madison and applied as a cor- 
rection as lA (e) above. [The Washington Ephemeris could have 
been used.] 

In every case use true local time and not standard time. 

In ^he present problem we desire the declination of the sun 
for noon on some certain day, say Nov. 1, 1900, or six hours 
after the lime given in the table, the computation would be as 
follows: 

Sun's ap. dec. Greenwich, apparent noon (Madison, 6 A. M ) 
for Nov. 1, 1899 = S. 14° 27' 26" .8. " 

Hourly motion — 48"; i. e., sun is going south. 

Time of observation 6 hrs. later. 

Total amount of correction = 288' = 4' 48' .0. 

Ap. dec. at time of observation = S. 14° 32' 14' »8. 

Refraction at lime of observation = + 20' .0. 

Dec. lo be, Kid off on Ver. Cir. = S. 14° 31' 54'. 

This computation should be made before going into the field, 
as weJU OS the computation of the amount of refraction at noon, 
ua^ss the instrumental or watch method be used for this pur^ 
pose. 
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Field Work. Clamp the line of collimation of the solar tele* 
scope to lie in the same vertical plane with the line of collima- 
tion of the larger telescope by sighting some distant point with 
both telescopes and set the larger telescope pointing south. 
Then set off the declination, corrected for refraction, on the 
vertical circle by the following rule: 

the south (object glass) end of the telescope until the vertical 
circle indicates the corrected declination. Level the solar tele- 
scope by means of its attached bubble. The instrument is now 
ready to make the observation. 

A few minutes before the sun culminates, i. e., apparent 
noon, turn the instrument into the vertical plane of observer 
and the sun, and find the sun in the solar telescope keeping its 
polar and horizontal axes clamped. This is done by moving 
the larger telescope about its horizontal axis. The sun will 
increase in altitude as he approaches the meridian. Follow 
him in the solar telescope by means of ihe tangent screwn on 
the vertical axis of the main transit till this maximum eleva- 
tion is reached and he starts to descend, then read the vertical 
angle. Then the vertical angle ih) = the co-latitude (90°— I) 
OTh ^ 90'' — h 

:. latitude = Z = 90** — 7i. 



The latitude value obtained on the campus should agree 
within a minute of 43° 5'. 



PROBLEM 30. 

USB OF TgE SOLAR ATTACHMENT IN DETBRMININQ 
THE DIRECTION OF THE MERIDIAN. 

^gwtpmen*.— Engineer's Transit and SaegmuUer's solar a(- 
lachment or B. B. 670 and B. B. solar attachment. 

Directions. ^By the method explained in Problem 29, comj- 
puto the declination of the sun lor tli^ ^«^«t^ \issQ3% ^V^^^ 
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day when observations are to be made. Set np transit at some 
comer of Farm number 1 or 2. and determine the refraction 
as in Problem 28, add this algebraically to the declination and 
lay off this corrected declination on the vertical circle by the 
mle given in Problem 29. Lay off 46='-55' the co-latitude as 
determined by Problem 29, on the vertical arc on the right 
hand aide of its zero, so that when the objective of the large 
telescope points south the polar axis of the solar telescope will 
now point to the north pole of the heavens. The instrument 
is now ready for for the determination proper. With the A 
vernier clamped at zero, turn the large telescope about its 
lotcer motion and the small telescope about its polar axis, until 
a position is reached, which enables the sun to be seen through 
the solar telescope, and in the center of the cross lines. The 
large telescope must now be on the meridian. Clamp the lower 
motion and the instrument is completely orier^ed. The accu- 
racy of the determination can now be checked by taking the 
azimuth of the adjacent side of the farm whose true asimuth is 
known. (See Problems 21 and 22.) Careful work will give 
results with an error of not greater than two or three minutes. 

If possible make two observations P. M. and A. M. the same 
time from noon. The average of the two would eliminate the 
errors of adjustment in the instrument. 

From 8 to 10 A. M. and 2 to 4 P. M. are the most favorable 
times for doing this work. Care must be taken not to disturb 
the clamping of the horizontal axis of the solar telescope in ^he 
above work. 



PROBLEM 31. 



DETERMINATION OF THE MERIDIAN BY DIRECT 
SOLAR OBSERVATION. 

Equipment.^ Any complete engineer's transit and solar 
ephemeris. 

Directions. — The field work of this problem is extremely 
simple, the solar attachment required in preceding problem 
b^in^ replaced by the office work required in the solution of a 
triangle. 
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In figure 8a the obser- 
ver is supposed to be at 
the point o, the whole 
earth being represented 
by this point. The lat- 
itude of the place must 
be known and the declin- 
ation of the sun is found 
from the solar ephemeris. 
The altitude of the sun 
is measured for the time 
and place of the observa- 
tion on the vertical cir- 
cle of the transit, hence 
all three sides of the 
spherical triangle ZPS 
are known. Tl^e follow- 
ing directions for the 
field work will assist the 
beginner: . 

1. Set the adjusted transit up at any angle corner of the Uni- 
versity farms where the sun can be seen. 2. Sight on some 
adjacent station for a terrestrial mark and read the horizontal 
circle. 3. Unclamp the upper motion and sight on the sun 
bringing one limb of the sun, say the lower, tangent to the mid- 
dle horizontal crosswire, the image being also tangent to the 
vertical wire. The sighting can be done with a colored glass 
eyepiece, but it is preferable to simply hold a piece of white 
paper back of the eyepiece and in its focal plane. The objective 
should be carefully focused so as to give a sharply defined image 
of the sun and the eyepiece focused so as to give a distinct image 
of the crosswires. 4. Read both vertical and horizontal circles. 
5. If the transit has a complete circle, transit the telescope and 
make a new pointing on the sun, as before, except now making 
the middle horizontal wire tangent to the upper limb of the sun 
and in the opposite quarter of the field. 6. The mean of the ver- 
cal and horizontal circle readings will give the apparent altituda 
and horizontal angle of the sun's center. 7. Note the standard 
time of the observation and reduce to the true mean solar time 
by adding or subtracting 4 minutes for each degree that the 
place of observation is east or west of the standard meridian. 
8. Compute the angle PZS in the triangle PZS and note that 
refraction always makes the altitude too great, so that it should 
be subtracted. 9. Determine the azimuth of the terrestrial 
mark taken and compare it with its known azimuth. Solaf 
work should be done between 8 and 10 a. m. or 12 and 4 p..m., 
because as the sun is changing fast in altitwdft %X ^^xcScx M\\s^^^> %. 
change in azimath of one minute \a accotup^xiV^Vs ^ ^^vj ^^^'' 
ceptible chaDg*i in altitude. 
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Solar Observation for Azimuth. 
At Station 9, Madison, Wis., May 18, 1906 -Owen, Obs'r. 



Clrole 


Object 


n*f—-- 


Vertical Cibclb. 


HoSIZONTAIi ClBCLB. 






Ver. A. 


Ver. B. 


Vor.A. 


Ver. R ' 
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55 20 


249 13 20 
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B 
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76 1 20 


1 20 



REDUCTION AND COMPUTATION. 

Declination at Greenwich, noon N 19® 24' 23' 

Difference in time between Madison, 

Wis., and Greenwich 6.0 hrs. 

Time of obs. from noon 3.9 hrs. 

Time elapsed between Greenwich noon 



and time of obs ^ ... 9.9 hrs. 

Hourly change +33.5' for 9.9 hours. . 
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N 19° 29' 54' 



Latitude of Sta. 9, N 43° 04' 37' 
Ave. vertical circle reading 34° 58' 02" 

Observed refraction 50^ 

Altitude of sun 34° 57' 12' 
Observed Hor. Angle Mark to sun by way of North 187° 26' 13' 

By formula from trigonometry we have, 
^, sin dec 

Cos of bearintr of sun from south=(.^^ alt.XCos lat. ~^^^ ^^^' ^ 



tan lat. 

Lo^ tan alt. 
Lo;r tan lat. 



Log 



Log sin decl. 
Co log cos alt. 
*• " lat. 



0.87447 
0.97082 

9.81529 
[ .65357] 
9.52346 
0.08G39 
0.13641 



Let 



sin dec 



Log 



Cos Bear (Y— X 
Bearing 
r. Anffle 
th of Cdpitoi 



9.74626 
[0.55753] 

0.09601 

84^29' 20* 
3^7^ 20' 13* 
271° uj' iJ3' 



i,Cos alt. X Cos lat 

and 
tan alt X tan lat. =Y. 



)= 



=X. 



OmCE WORK,- COMPUTATIONS. 

The following computations are to be made on such of the regu* 
lar field days as happen to be unsuited for field work. 

FKOBLEH 32. 
TO COMPUTE THE AREA OP FARM 1 

IHreotions. — Distribute your azimuth error, found in prob- 
lem 22, among the various sides of the farm, then by means of 
logarithmic traverse tables, pages 842-845 of Johnson's Survey- 
ing, compute the latitude and longitude diflferences of each of 
the courses. This work should balance with a limit of error not 
exceeding ^^(nr. Arrange work as shown on page 234 of John- 
son's Surveying and having balanced the latitude and longitude 
differences by rule 3, p. 236, compute the D. M. distances and 
double areas. Reduce area to acres. Be careful to look out for 
the signs of the various quantities and apply frequent checks on 
the computation. 

PROBLEM 33. 

TO COMPUTE THE AREA OF FARM 1, BY THE 
CO-ORDINATE METHOD. 

Directions First. Reduce your angular survey of Farm 1 (as 

determined by problem 22), to true Azimuth by using your own 
solar determination of the meridian. Second. Compute the 
latitude and longitude differences and balance same as in preced- 
ing problem. Third. Compute the co-ordinates of the vertices 
referred to X and Y axes passing through station 1. Fourth. 
Compute the area by the rule given on page 246. The correct 
area of this farm is. . . .acres. 

PBOBIEM 34. 

PLATTING BY POLAR AND CARTESIAN 
CO-ORDINATES. 

Directions, ^¥mi. Make a neat plat of Farm 1, platting by 
cartesian co-Ordinates on a scale of about 80 feet to an inch. 
The map should have the co-Ordinate axes drawn in red ink, and 
a neat tabulation of the various co-Ordinates should appear on 
the map. Second. Make a plat of Farm 2, by polar co-Ordinates, i, 
c, by distances and bearings. Note the amount of error in closing 
as the error of platting only, since the farm was previously bal- 
anced. Third. Put on the plat a plain neat title telling what and 
where it is, scale, by whom and when surveyed and a north 
point to show direction. The map should also show the length, 
and bearing of each line, and the total area« 
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PEOBLEH 35. 

DETERMINATION OF THE CONSTANTS OF THE' 
POLAR PLANIMETER, 

fl.) The circumference of the wheel* 

(2.) The zero circumference. 

iZ.} The length of arm such that an area may equal 10 », wh«n 
fl M the number of revolutions of the wheel. 

Each value of a constant should depend upon three triak. 
Write a report in the field book of your investigation, showinf all 
your work upon which your values depend. Take pains to ar- 
range the computation neatly and logically. See Johnson's sur- 
veying page 149. 

FBOBLEH 36. 
USE OF THE POLAR PLANIMETER. 

Determine the area of farms 1 and 2 with the jiolar planimetv 
and put your results on the map in the form of a note. Put As 
computation work in the field book. Make three trials and U80 
the average result. 

FKOBLEH 37. 
USE OF CO-ORDINATES. 

Compute the bearing and length of a line connecting station M 
with station D using the co-Ordinates of these points as previously 
computed. Arrange the computation in field book in neat form. 
The trae bearing of this line is N. 0^ — 30' W, and its true length 
is 459.7 feet. The computed length and bearing should appear 
on the map. 

FKOBLEH 38. 

TO CUT OFF FROM FARM 1 ONE-HALF ITS AREA BT 
A DIVIDING LINE DRAWN FROM STATION M: AND 
TO DETERMINE THE LENGTH AND BEARING OF 
THIS DIVIDING LINE. 

Directions, — This problem is explained on page 263 *of John- 
son's Surveying. 

Record all computations in field book or in sheets attached to 
field book. Particular care should be taken to use a convenieni 
snd Jo^icaJ arrangement of computatvoii. 



37 



FBOBLEM 39. 



!0 CUT OFF THE 10 ACRES FROM FARM 2 ADJACENT 
TO UNIVERSITY AVE., BY A LINE DRAWN PAR- 
ALLEL TO THE LINE J 2 — J 3, AND THUS DETER- 
MINE THE LENGTH OF THE DIVIDING LINE, AND 
THE LENGTHS OP THE .REMAINING TWO ENDS 
OF SUCH A TRACT. 

Directions, — This problem is explained on p^ge ' 26 3 ' of John- 
on's Surveying. - 

Record all computations in field book as directed in problem 38. 

FBOBLEM 40. 
USE OF THE SEXTANT. 

' Directions.— (a) Test the adjustments of the sextant described 
•H page 111. 

(b) From station 3f select four well defined points — as spire of 
iapitol, court house spire, and two church spires, then measure 
lie six angles between these points. Make two determinations 
or a check. Before going into the field, sufficient study should 
^ Sfiven to the peculiar vernier to enable the student to under- 
tand readily how to read it. Compute the smallest reading of 
lie vernier. 

(c) With an artificial horizon measure the double altitute of 
lie sun. Check the results by reading the altitude of the sun at 
lie same time with a transit. 

FBOBLEM 41. 
USE OF THE PLANE TABLE. 

Equipment — Plane table, four thumb tacks, sheet of paper, 
ariangular rule and three transit poles. 

Directions.— (sl) Test the adjustments of the plane table as 
described on page 118. 

(b) Make a plane table survey of Farm 1 using the distance 
B M {= 443.4 feet) as a base line. Check the position of the 
vertices C, /), etc., by resection. 

PBOBIEM 42. 

USE OF THE ANEROID BAROMETER. 

Equipment, — Aneroid barometer. 

Directions,— By the method explained on page 134-9 determine 
the differences of elevation between the U. W. bench mack, cra^ 
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ScieDce Hall and the corners of farm No. 1. Record the readingi 
both in inches of mercury column and also the correspondiog 
(approximate) elevations from the dial, and note the discrepan- 
cies between the latter and the elevations when computed like the 
example on page 135. Bead carefully the cautions to be observed 
as given on page 135, and before going into the field compare the 
aneroid with a standard mercurial barometert 



PKOBLEH 43. 
CONSTRUCTION OP THE SLIDE RULE. 

Equipment — Sheet of bristle board, triangohir scale, trial* 
gles and hard pencil furnished by the student. 

The Principles Explained^^The ordinary slide-rale Is a com- 
bination of two logaritnmic scales. Such logarithmic scales thes 
are only graphic logarithms laid off to some oonTonient scilil 
thus in the figure 

il 6 scde B g <>»»-% ^ o^M 



6,: 9. 



the distance o — a is made equal to the logarithm of a, and 0-4 
equal to the logarithm of 6, then if the zero of scale A be placed 
at a distance from the origin of scale B equal to the ^aphic log- 
arithm of a, the number read off on scale B opposite the point b 
will b3 the proQuct a and b. In the same way, if the product ol 
a and c be desired with the relative position of the scales un- 
changed read off opposite c the nuaiber corresponding to the 
graphic sum of their logarithms, i. e., their product. 

As the logarithm of 1 is zero the number at the origin of the scale 
is always 1 (10, 100, 1000). Then if ten inches represents the unit of 
logarithm, the number 2 (whose logarithm is .301 + ) would be on 
the scale at a distance from the origin equal to .301 times 10 in- 
ches or 3.01 inches. The student should construct two similar 
scales showing the graphic logarithms of 1, 2, 3, etc., up to 9. 
The other common operations of the rule can then be illustrated. 
)Sometime during the sophomore year each student in civil en- 
gineering will be re<^uired to purchase at least a cheap slide rule 
(cost one dollar), but he is advised to get one of the higher grad0. 
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CHAPTER v.— TOPOGRAPHIC SURVEYING. 



FKOBLEM 44. 



TESTING THE CAPABILITIES OP A TRANSIT. 

Z>irection8, — The best work can only be done by one who un- 
derstands thoroughly the limitations and characteristics of the 
instruments he is using. For this reason, and also for furnish- 
ings the student with proper means for making an intelligent se- 
lection of an instrument, the following tests are outlined. All 
1^ them should be performed by each student on the instrument 
Ik8|i8 using, and a full and complete report should be made in the 
note book of the conditions found. The instructor will later dis- 
tmss typical instruments with the class, thus enabling the student 
to get a fair estimate of the reliability of the different kinds of 
iwi^ineer's transits. "^ 

wcignifyiny Power of Tie?««eope.— This should be of such 
max amount that a barely perceptible movement of the cross-hairs 
<m an object will cause a barely perceptible movement of the 
"bubble mounted just beneath it. Also the relation between tho 
magnifying power and the least count of the verniers should be such 
that the least perceptible movement of the vernier shall cause 
a movement of the cross-wire on the object to be easily noticed 
ilurough the telescope, and xnce versa, A magnifying power of 
94 diameters has been found well adapted for engineer's transits. 
To determine the magnifying power, focus the telescope on a 
distant object and point it toward the sky. Then measure with 
calipers and a fine scale the diameter of the pencil of white light 
emited by the eye piece i, also measure the effective diameter of 

tte object glass (7, then the magnifying power equals ^. By 

i 

the effective diameter of the object glass is meant the actual 
diameter less the amount cut off by the interposition of a dia- 
phragm in the telescope tube, as is sometimes done by makers to 
conceal defects in the objective. 

2. Chromatic Aberration, — ** To test for this focus the tele- 
scope on a white disk and then move the object glass slowly in aYid 
out. If in the first instance a light yellow ring is seen at the 
edf^e of the object, and in the second a ring of purple light, the 
object glass may be considered perfect, as this proves that the 
most intense colors of the prismatic spectrum are corrected.'^. 
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3. Spherical Aberration.— "For this test cover the objec 
ive with a ring of black paper thus reducing its area one-ha 
and focus on some small well defined object. Then remove tl 
ring and cover that part of the objective previously left ope; 
Now notice how much the object glass must be moved in or oi 
for distinct vision. Very little, if any, motion should be r 
quired to obtain a distinct view." 

4. Definition. "The definition of a telescope depends upc 
the accuracy of the curvature of the several lenses, and upo 
the correct centering of the component lenses forming the o 
jective and eye piece. For a test, focus upon small clear prii 
at a distance of 40 feet away. It should appear as clear i 
when viewed by the naked eye when 8 or 10 inches away." 

As a test of the centering, place a disc of white paper om 
eighth of an inch in diameter in the middle of a piece of blac 
paper and both at a distance of 30 feet away. Then if the la 
age of the disc when a little out of focus, is equally surrounde 
by a uniform haze the centering is good. 

Other things being equal, the lower the magnifying powa 
the better the definition. 

5. Flatness of Field. — "This depends largely upon the spie 
ricity of the eyepiece. For a test draw a heavy-lined fiquan 
with India ink and 8 inches on a side. Place the object at sudi 
a distance that the square shall nearly fill the field, and fwa 
the telescope on it. If the sides appear perfectly straight th 
field must be fiat. This quality is especially necessary in - 
dia measurements." i. 

6. Illumination. — The brightness of an object as seen throng 
a telescope depends upon (1) the size of the objective, (2) tH 
polish and transparence of the lenses, (3) the maf^fyiH 
power of the telescope. 
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FKOBLEM 45. 



TESTING THE SENSITIVENESS OF THE TRANSIT 
BUBBLE TUBES. 

There are two methods of determining the angular value of on» 
division of the bubble. One method was suggested in Problem 
20; the other method is by use of a level trier like that shown in 
the figure. The latter method should be used in the present 
inroblem. 







Fig. 10. 

The construction of the level trier is clearly shown by the cut, 

Ag. 10. One end of an iron lever, 17.9 inches long, rests upon 
• two points A and B, while the other end rests upon the point of a 
micrometer screw C, carrying a disc divided into 100 parts, which 
serves to raise or lower the lever. The pitch of the screw is ^ of 
an inch, so that the divisions on the vertical scale D must be ^ 
of an inch, thus measuring the amount which the lever has been 
raised for each complete turn of the screw. The angular move- 
ment of the lever may now be computed. 

JSxample,— Suppose the length of arm 17.9 in., the pitch of 
the screw one-sixtieth of an inch and the disc to be divided into 
100 parts. Through how many seconds of arc will the bar move 
when the micrometer screw is changed 30 divisions? 

There are 206,265 seconds in the arc whose length is equal th» 
radius. 

Let X a lilt number of seconds required; then we have 



X 

206,265' 



.005 
i7;9' "* '' 



: 57.6' 
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If we wish to know the radius of carvature of a level, it is nec- 
essary to measure the ruD of the babbie when the level has been 
changed a certain amount in arc, and then solve as follows: 

Example, — Observed run of bubble for 90 seconds change in 
arc is found to be one inch. Find radius of curvature of level. 

Let r = radius required: 

r 206,265 seconds ,,^^ ^ . ^ ^^^ .^ 

llEch = -30^6^;Sds— = ^^-5 "^^^^' = ^2.06 ft. 



METHOD OF MAKING TBSTS. 

The level to be tested is placed in the wyes on the bar, which 
is raised or lowered till the bubble is at one end of the scale, or, 
if the level has no scale, up to the point which will be the limit 
of the run of the bubble in practice. The micrometer disc is then 
turned over equal spaces and careful notes of the run of the bub- 
Isle are then ta^^en. Having moved the bubble over its course it 
should be moved in the opposite direction in the same manner 
and the whole operation be repeated several times and, with very 
sensitive levels, at differing temperatures, to ensure accuracy in 
the results. 

The mean value of all the observations may then be determined 
and the value of one division of the levels expressed in min- 
utes or seconds of arc, as the case may be. By this same pro- 
cess we may find, as already shown, the radius of curvature to 
which the interior surface of the glass tube has been ground. 

For spirit levels having no scale graduated on the tube the ger- 
man silver scale graduated to 20ths of inches and attached to the 
apparatus is to be used as shown in the cut. For testing the 
levels of an Engineer's Instrument as already indicated it is not 
necessary to remove them, but the instrument entire can be 
placed directly on the Trier. 

The instrument should then be leveled by its leveling screwsi 
and the level to be examined should be brought parallel to ib» 
center line of the bar by the use of the tangent screws. (This 
saves much unnecessary wear on the fine micrometer screw.) This 
done, proceed in the same manner as explained for the unmounted 
spirit level. If we have the case of a wye level bubble that needs 
examination, the telescope and level tube may be removed from 
the wyes of the Instrument and placed on the wyes of the Trier, 
as shown in the cut. The forked arrangement at the pivotal end 
which can be clamped at any convenient place on the projecting 
rod, will tend to steady the telescope and prevent it from Jailing 
while the level is being tested. 

As already indicated above, a level should be tested forward 
9ckward, and, in case of very fine spirit levels, each u aii 
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used for measuring angles, this should be repeated a number of 
times so as to get a considerable number of observations from 
which to deduce the mean value of one division in seconds of arc 
In case of a level provided with an air chamber reading to single 
seconds of arc as a rule, it will be found necessary in making the 
test to keep the bubble of a constant length (a good length is 
two-fifths the length of the tube, excluding that of the air 
chamber). 

Si)ecimen sets of observations made upon levels such as are 
tised in engineer's wye levels are given below. 



of 
trials. 


mater 




Dl77SEE»CEa. 


Length 

or 
bubble. 


A. BndL 


B^End. 


AEuiL 


B Ead. 


1 
t 

S 
4 

5 
6 
T 

S 


1 
17 

27 

47 
ft? 

77 


9.& 
14. i 

18 5 
2:^0 
27.0 

ars 

4Q.2 


47.2 
4K.7 
8S5 
^4 
80.0 
25.7 
2J.0 


4.4 

4.a 

4,5 
4.0 
4.5 
4.3 
4.4 




61.8 

ei.4 

61.2 
61.S 
TBI, 4 
61. B 
61. B 
61,2 


« 

4 

S 

1 


77 
87 
B7 
17 
37 

17 
7 


40. 
3fi.5 

ai.t 

25.7 
22.3 
18.2 

g.5 


ill. 2 

a)2 

B4 6 
3«« 
I2,B 
47 1 
615 


4.5 
4.4 
4.4 
4.4 
4 1 
4/2 
4.5 

60.9 




61.2 
61.0 
61. a 
61.3 
61J 
61.0 
61.1 


ei.i 



Mean valne of diCPerenoes, 4.86 20th8. of an inch. 

* Lerel scale is irraduated to 20th of an inch, reading right and left from 
Sdro at the center. 



Ten divisions of micrometer screw correspond to 19.2 seconds 

19 2 
of arc, therefore one division of scale = —^ = 4.4 seconds and 

4.36 
one division on bubble tube (tenths of an inch) = 8.8 seconds. 
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PROBLEM 46. 

A SUBDIVISION AL SURVEY AND MAP OP PART OP THE 
UNIVERSITY CAMPUS. 

Equipment — Transit, two dozen or more small wooden stakes 
and as many tin tacks, small ax, transit pole, set of marking 
pins and a standardized steel tape. 

Directions. — The field work of this problem inoludes the accu- 
rate setting of the stakes necessary to locate two city blocks of 
lots and the making of all the measurements, linear and angular, 
required by chapter 101 of the Revised Statutes of the State of 
Wisconsin. This chapter should be studied before going into 
the field, as well as while preparing the map. A convenieot 
place would be either on University Ave. between Brooks and 
Charter Sts., or on the lake shore north of the Washburn Ob- 
servatory. If the latter place be selected, it may be well to in- 
troduce the arc of a circle into the boundary of the lots, in order 
that the lots may be of the same length and still all have equal 
frontage on the lake. Precautions should be taken inthe use of 
the tape to insure an accuracy of 1 in 10,000 in the measure- 
ments. All angles should be repeated four times. Wherever 
possible the survey should be ''tied on** to either a section corner 
or some block corner. 

The office work consists in the preparation of a plat, on a scale 
of 1 inch equals 50 feet, of the above field notes and including a 
neat title giving, (a) the name of the Subdivision, (h) where it u^ 
located, including section, township, range, city, county and 
state, (c) scale, (d) by whom surveyed, {e) the date. 

The legal certificate of the surveyor, the owner and the notary 
public should also be inscribed. Models and forms will be found 
in Appendix H or on the various plats belonging to the depart- 
ment. 

i PROBLEM 47. 

TO DETERMINE THE WIRE INTERVAL AND OTHER 
CONSTANTS OF AN ENGINEER'S TRANSIT. 

Equipment. — Transit, stadia rod, and pocket tape. 

Directions. — On the base line described in Problem 26, set up 
the transit /+ c (feet as determined by the following meUiod), 
back of the end of same. Focus the object glass of the transit 
on a distant object and then, with pocket-tape measure the dis- ^ 
tance from the center of object glass to the cross-wires; this 
gives the focal length /, of the objective. Measure also the dis- 
tance from the center of the objective to the center of the hori- 
zontal axis, thus getting the constant c. 

The rodman should now hold the stadia rod (which is divided 
into standard units) at every 100 foot hub in succession, while. 
t/20 transit man records the rod reading included between the 



upper and lower wires, as well as the lower and upper hftlf inter- 
val readings corresponding to such distances. A rod level will 
aid the rodman in holding the stadia rod vertical. These'readings 
should be repeated several times and on several days so that both 
afternoon and morning hours may be represented in the resulting 
data. If in addition to the above work two or more stakes be 
driven in line on either side of each hub and their distance 
away recorded by the rodman, and if the latter holds on all 
three of such x>oints and records the order, it will have a tendency 
to make the stadia readings more independent and reliable, be- 
cause the transit man can not know in advance what the true 
amount of his reading should be. 

These readings should be taken between the limits of ^iOO and 
1,200 feet, each member of the party acting as observer half the 
time, and recording all of the observations taken by the party. 

In addition, the observer, the transit, date, time of (fey, and 
kind of weather should be recorded. The following is a conven- 
ient form of record: 





F/e/d fs/DfS5, Pro6/em 4-7 
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Cammxfe^/ f'% 
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3.ao 


j.as 
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Boo 
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as 3 
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^Z9 
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/0^.77 
tOA,7f \ 


Z09.73 
ZO%b4^ 


ZoB.^o 

ZOff.3d 
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^G.= 


fO4^S0 


ZfO.^t-i 


zoa.9/ 



Then from the stadia formula we have 

where D fs the known distance in column one. g tho ^corres- 
ponding rod reading in the following three cohimng, and J^ the 
constant or interval to be determined. Transposing we have, 

D 



K:^ 



^* 
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' The office work ooosists in snbstitating in this equation the 
correspoDding observed values of S and D, thus Beciiring as 
many determinations of JT as there are such observation equa- 
tions. If some of these values should differ radically Ifrom the 
others it would indicate either a blunder in observing the rod or 
in the subsequent computation. If it should be found that the 
former cause was responsible, the result should be disregarded 
in getting the final or average value of the wire interval. Great 
care must be exercised in this rejection of data and the advice of 
the instructor had best be taken. A systematic difference in the 
values may be expected between afternoon and forenoon observa* 
tions or even between observations made at the same hour of dif- 
ferent days. The important result obtained by taking an aver- 
age interval value is that it represents average conditions and 
therefore will not tend to produce systematic errors into a sea- 
son's work. 

The rod may be read with greater ease, especially on long 
sights, if the sun be allowed to fall upon its face. In the case of 
the metric rods they should be read to tenths of the smalleM 
graduations (which are centimeters) or to millimeters. 



PROBLEM 48. 

PREPARATION OF A STADIA INTERVAL TABLE. 

Directions, — Having found an average wire interval, the next 
step is to construct a table from it, so that the stadia readings 
may be quickly changed to true stadia, i. e., what the rod read- 
ings would have been if the interval had been ICO Such a table 
would be made as follows: from the adopted interval, co"- 
the distance for each stadia reading given in the column 
marked stadia and having added / -f c to each of such com- 
puted distances, place the sums in the second column opposite 
the proper stadia reading: /-he should not be added to read- 
ings of less than 0.1. Thus with an interval factor, K, == 104.80, 
and/ 4- c =0™.32, the distance corresponding to a stadia read- 
ing 0».l would be 10.48 -f 32 = 10.80. Remembering that 
(leaving out the/-f c), the distances are proportionate to the 
stadia readings, the work of computing the table ©an easily be 
done in an hour's time. 

It is assumed in this explanation that the interval was deter- 
mined by measuring a base line who:^ zero was /+ c in front 
of the center line of transit as explained on page 27F» If the 
zero of the base line coincides with the center line of transit 
.(plumb line) the construction of the table would be just the same 
except there would be no/ -[- c additions to the column headed 
dJstaace^ — 
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Stadia Rsductiox Table. 
/+' c = 0"'.32. K = 101.80. 
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Etc. 







PBOBLSM 49. 
SKETCHING TOPOGRAPHY. 

Equipment,— T\i% plats of farms 1 and 2, a small piano table 
without alidads, 4-H pencil and eraser. 

Directions, — Transfsr from the level notes to the plats the ole- 
▼ations of the various U. W. B. Ms. and corners of the farms. 
With only these data as a guide, draw a sketch map of the Upper 
Campus, using ten foot contours. As this is not an easy task for 
an experienced topographer, the beginner must expect mahy mis- 
takes and should not hesitate to freely use his eraser and his legs, 
the former to correct, and the latter to secure, his impressions. 
Estimate slopes and interpolate contours between B. Ms. All 
buildings and roads should be shown on the map in as near their 
true relative position as the judgment of the topographer may de- 
termine. After the map is completed in pencil, it should be com* 
pared in detail with a correct topographic map of the same area« 
furnished by the instructor, and the errors of the sketch carefully 
noted^ ^It is not expected that the sketch will be exact at any 
place, but if care be taken it should not be radically wrong at 
any place. The benefit of the exercise lies in the education of 
the judgment to discover and truthfully interpret by means oi 
contours the face of nature. 
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' PROBLEM 50. 

THE USE OP THE STADIA METHOD TO DETERMINE 
THE X Y AND Z CO-ORDINATES OF POINTS. 

i^7uipm0n;.— Complete- Engineer's Transit, stadia rod, and 
pocket steel tape (latter furnished by the student). 

iJlreoAions, — Set up the transit at any corner of farm number 
one and orient it by making the plates read the proper azimutii 
when pointing to either of the adjacent corners. The proper 
azimuth was datermined in problem 23. Ist. Measure and reoord 
the H. I. or the distance of the horizontal axis above the station 
occupied. 2nd. Read the stadia rod when held vertically on the 
adjacent station. Ordinarily this can be done most easily by 
putting the lower «vire of the transit at the center of the first 
unit, i. e., first meter or foot, and then reading the position of the 
upper wire. This last reading, minus unity, is the stadia inter* 
cept for that particular distance. Third, by means of the tangent 
screw, attached to the horizontal axis, put the middle cross-wire 
at that point on the rod equal to the H. I. already recorded in (1) 
and then read the vertical angle being sure to get the nearest 
minute, using a magnifier if necessary. For a check on this last 
operation, as well as for the purpose of eliminating the index 
error of the vertical circle, read the same vertical angle to the 
same point with the telescope inverted. [Of course this eaa 
be done only with a complete vertical circle.] Record the aver- 
age vertical angle. At the first point occupied, take similar read- 
ings to the other adjacent station, recording the acimuth, the sta- 
dia rod reading, and the true vertical angle, being careful to note 
whether the letter is + or — , i. e., in elevation above or in depret- 
<iion below the horizontal plaue. The instrument should now be 
taKen forward to the siiition just sighted, the H. I. recorded, the 
instrument oriented on the station just left as in problem 23, and 
the statia rod and vertical angle read on both this back siffht and 
the next fore-sight as outlined above. This will give duplicate 
measurements both of the truo horizontal distances between the 
stations as well as the duplicate determinations of t^eir differ' 
ence of elevation. 

The following form for recording field notes may be uoed, be- 
ginning the entries at the bottom of the page, and utiog on]/, 
every other line. i 
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^4^5 
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-A/T 
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f^i^k^ 
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9« At)/i , S^herck^er fo&ic^e. cj73/-e<9c/ o/re^aic^cn^ T^^e ycri/'c^/ 

Only the Ist, 2d, 3rd, 4th, 6th and 10th columns are used in the 
field, the remainder being used for recording the oflSce computa- 
tions as explained later. The student is cautioned that in this 
field work he has many things to keep well before him, a single 
misstep being suflScient to destroy the accuracy of the entire 
problem. The errors most commonly made are reading the 
wrong vernier, using the|wrong point in the vernier for a zero, 
using the right vernier but reading it the wrong direction and 
other similar large errors. ^ 

The oflBce work connected with this problem consists first, of 
reducing the observed stadia readings to corrected stadia read- 
ings, viz., what the rod readings would have been if the wire in- 
terval of the transit had been 100. This requires the use of a 
siadia reduction table which the student is supposed to have 
already constructed in Problem 48. The method of using this 
table is fully explained in art. 215, page 276, of Johnson's Survey- 
ing and need not be repeated here. The corrected stadia read- 
ings should be recorded in the column by same name.«^ The sec- 
ond step consists of tinding the true horizontal and vertical com- 
ponents of each corrected stadia reading. This may be done by 
the use of the Winslow Tables, page 84ft\XYi\xa,\j5i ^"OTss^^3^»^^^^!»sstr^ 
izontal &nd vertical component ot IIQF ,% \^>«ti %.^«sNJiR»5L vsckS^ ^ 
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€' 14' E, look in column of tables headed 6% then opposite 14' 
take out the quantities 9S.S2 and 10.79, the former being the 
true horizontal component and the latter the true vertical com- 
ponent of IWi units at this angle. These quantities should he 
multiplied by the distance lln.2 and the decimal point re- 
moved two places to the left for an obvious reason. If the 
elevation of Station M be 916.55 feet =(279.36 meters) com- 
pute the absolute elevations of the several corners and after 
comparing your results with these obtained by spirit leveling 
(Problem 13), record final elevations in the proper columns of 
field notes. Also compare your horizontal distances with those 
obtained by the tape or chain. 

Xotk: The figures in the column marked Elevation refer to 
the eh va I ion of the station opposite in the second column. 



PROBLEM 51. 

A TOPOGRAPHIC SrRVEY OF A PART OF THE 
UNIVERSITY CAMPUS. 

Kquipment. — Same as in Problem 50, 

JJin^ctiojis. — Ihis problem should not be attempted until 
after fini'ihing Pioblem ')0, becausf^ the latter work is intro- 
ductory to the present liroblem. The additional features of 
the present problem consist in (a), the determination of a 
large numi.er of "side shots" from each turning point occu- 
pied ])y the transit, sufficient in fact to determine the shape 
of the ground, within the limits of accuracy sought, and also 
sufficient to locate all buildings, roads, drives, fences, side- 
wall s, laVe shores, etc.; and (h), the free hand sketching of 
this (\oti)\\ culture en the right hand side of the page. This 
sketch f-hould call forth the student's best effort, for such 
work forn?s a v^ry important ])art of the work of every 
topoj<rai;Mer, since it is of neaily equal use with the field notes 
in conipili-':i th(» niap, the final object of the entire survey. 
It v'ill h" found best to draw en a single page a sketch refer- 
ring to J-- veral ])a£^es of notes rather than to have a detached 
skf;t(li on each right hand page for the notes opposite. This 
sketch Fl'(»uld be drawn to some scale, say the width of one 
liric mIjoi • '■ ^ inch, e^ual to 25 or 5o mettvs and the direction 
of the v( (\ line on the sketch page from top to bottom taken 
as ilic X;:tli and South line of reference. The azimuths may« 
\)o cstiii!;:t(d with sufficient exactness. The sketch should 
show if), the If cation of every important side shot, it being 
indjrntod !y a dot and its number, (&), every ten-foot contour, 
'>e/n^r rarcAJl not to attempt to draw mox^ iYi^.tl \Xi<^ Vx&mAdiAte 
Inffy ol' the sketcher and mmdtviV ol oWv^t \A\^\& ^n^g^V^ 
fjJnm 49, (r), the approximate \oca\.\oxi ol tq%A&, ^wifSsk, 
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The azimuth of side shots need only be recorded to the near- 
est quarter degree. In reading the vertical angle, whenever pos- 
sible put the middle crosawire at a distance from the bottom of 
the rod equal to the height of the instrument above the station 
then beinj^ occupied. Sometimes the interposition of shrubbery, 
rtc, makes it impossible to see the rod at this particular point. 
In such a case read the rod at some even unit and record with 
the vertical angle what this unit is. At first do not try to work 
very fast, else errors and omissions will follow. Some time may 
be gained by signaling the rodman ** all right " as soon as the rod 
is read and the horizontal wire put at proper point on the rod. 
While he is going to the next place the topographer can read the 
azimuth and vertical angle, and not feel hurried by the fact that 
he is delaying the work. 

The proper selection of the points is a difficult task, and per- 
haps nothing but experience can guide. In a general way it may 
be said that they should be so chosen as to give the highest and 
lowest points, and in addition such other points, as to locate all 
irregularities of the terrene, as can be shown on the scale of the 
map which will follow the survey. Hence it is, that this sf^ale 
should be known in advance of the field work. The fundamental 
thought which should be ever present in the topographer's mind 
is the simple proposition that three points determine a plane, and 
that by locating the terrene by points only, he conceives it to be 
made up of planes, being careful to take his located points suffi- 
ciently close so that when connected by planes they shall coincide 
with the surface, within a limit of about one-half a contour. If 
this be done and a good sketch drawn, the errors of the office 
map will be much less than the limit stated above. The sketch- 
ing of the points taken, should follow the recording of their co- 
6rdinates, or if this be not done at once, the position may be held 
in memory by a descriptive word opposite in remarks column. 
Having taken and sketched all the topography at the first turn- 
ing point, which should either be the corner of one of the '*U. W. 
Farms " or connected to it by a traverse, a turning point is taken 
in the direction of the area assigned, then occupied, the instru- 
ment oriented by backsight, and finally the topography adjacent 
taken as before. The turning points should be so chosen as to 
form a circuit, whereby the closing error in azimuth may be de- 
termined. If, after orienting the instrument at each station, the 
telescope be pointed to an azimuth of 180', i. e., North, and the 
Fieedle be allowed to settle in the magnetic meridian, it should 
lead the magnetic declination, If it does not do this, either a 
mistake has been made in setting the vernier, or else there is a 
. local attraction. The latter are rare in this vicinity, except where 
induced by electric currents, so this observation should always 
be taken and recorded. It gives confidence to the beginner. If 
en wrov In Mimuth of greater than ten minutes be founds eithec 
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by the Deedle or by the closure, the traverse should be re-run 
until the error is found. In general, the traverse line should be 
made to run along the top of the ridge where sights may be taken 
in the bottom on both sides. The stations should be selected so 
as to keep as near on a level or minimum grade, as under these 
circumstances the errors in elevation will be a minimum. 

Before beginning the mapping the following office work must 
be done. J^irst,the stadia readings are all to be corrected by the use 
of the stadia interval table belonging to the transit. Second, 
the traverse should be balanced on the usual blanks. Third, the 
co-drdinates of the turning points should be computed. Fourth, 
the closing errors in elevation of the circuit should be distrib- 
uted, and then the elevation of all the side shots made to der 
pend upon these corrected values. The turning points may now 
be platted by their co-ordinates and a north and south line being 
drawn through each. The side shots should be platted by means 
of paper or metal protractors, the number and elevation of each 

being noted in pencil thus -—, the decimal point being the 

OxtU 

exact point. With these data on the map, and the field sketch 
before him the topographer will draw in the contours at five foot 
intervals. Much care and study should be given to this really 
expert work, otherwise much of the accuracy of the survey may 
be sacrificed. The student will find on page 276 and 277 of John- 
son's some of the fundamental principles underlying contouring 
and which he should study carefully. Then follow the culture 
details of roads, buildings, etc.; finally it is inked in using the 
curved pen for the contours. A neat descriptive title, north 
point and border complete the map, which should theu be traced 
on tracing cloth furnished by the department. 

FBOBLEM 52. 

HYDROGRAPHIC SURVEYING. 

Equipment,— Transit and stadia rod, the department row- 
boat and a sounding apparatus. 

Directions.— A party for this work includes a transitman, who 
is also chief of party, a stadia man with rod in the boat, a leads- 
man, and at least one boatman. The work 0)nsist8 of locating 
soundings in the lake along lines normal to the shore at a dis- 
tance of about 50 meters apart. Such normal lines shouki be run 
at intervals of about 150 meters. The manner of work is as fol- 
lows: beginning opposite the transitman on the shcnre and in 
about 5 feet of water a sounding may be made with the stadia 

f, which u then held opposite the sounding so it inmirbe read 

tte instrament man who a\ao leada \.\i« «A\matli«" TItoboit 
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then bears away on the normal to the shore until about 50 meters 
farther, when a sounding is matle by the lead and the rod held 
Immediately after, in order that it may be located by the instru- 
ment man. The oarsman should take pains to keep the boat 
stationary until he sees the transitman's signal of "all right." 
At this moment the time of the sounding is recorded both by 
the leadsman and by the transitman (the watches having been 
previously compared). As an additional security against con- 
fusion of notes, each line should be given a letter, and each 
sounding a number, by both the land and water parties. By 
proper signals the transitman can keep the boat reasonably 
near on line. If any unusual formation should be discovered 
by the sounding, as a shoal, the leadsman must use his judg- 
ment regarding the position and frequency of his soundings. 
He should endeavor to get the deepest water between the shoal 
and the shore, the shoalest water on the shoal and such other 
soundings as, when platted, will develop its size and position. 
If only -a gradual slope be found, the transitman will signal 
when the boat is about 600 meters away, for them to turn at 
right angles to the line just run and run parallel to the shore 
150 meters to the line on which they are to return. An experi- 
enced oarsman can guess this by counting his strokes, or the 
proper position can be determined by C^e transitmans reading 
the rod and azimuth. The boat is now sighted to the proper point 
on shore, previously determined by the chief, and the same rou- 
tine followed as before. When shore is reached, the transitman 
may desire a turning point ahead, which is then occupied and 
the whole return trip repeated. In case the soundings are on a 
river, they would be taken much more frequently and many 
transverse lines could be run before a new turning point would 
be necessary. At least twice a day the leadsman's notes should 
be copied into the transitman's notes. The sounding line should 
be compared (at the tension used in the water) daily with a 
standard of length, and the soundings corrected at night. 

In the present problem a length of two blocks will be sufll- 
cient to illustrate the method. 

The writer has recently used the above method in the survey 
of sixty of Wisconsin's most famous lakes and finds it the most 
economical of all methods for lakes of less than one mile Id 
wi^tli. 
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PROBLEM 53. 

RATING A CURREXT-METER. 

Equipment. — ^The Ritchie Haskell direction Current-meter 
or the Price or Ellis Current-meter together with its 
mountings for the boat, the department row boat, three or four 
baferies and connections, stop watch and register. 

Directions. — Stretch the cable from the end of the University 
boathouse to the Raymer buoy, having previously marked every 
50 feet of it by a steel tape. The party need consist of but two 
or three persons, a recorder in charge of the party and one or 
two men to pull the boat along the base line, the former being 
at the stern with his registering apparatus, the latter in the mid- 
dle and bow. Before beginning the test, be sure that the appara- 
tus is working uniformly and that all electric connections are 
made. The boatmen should understand that the success of the 
experiment consists largely in their keeping the boat at a uni- 
form speed from beginning to end of the base. After a little 
practice this will not be diflScult. Then start the boat say 30 
feet from the zero of the base line, so that the regular speed 
will have been acquired before reaching !•*, «*dse line. At the 
moment the end of the bow reaches tht> zero of the base, a 
sharjj "ready" should be called out by the adjacent boatman. 
Tho recorder, having previously recorded the reading of the 
register, immediately on hearing this signal, starts his stop 
watch and register apparatus by a single pressure. His duty 
thfn is to see that the register works continuously until the 
end of the base line is reached. 

At the moment this is done, the boatman gives the same 
signal as before and the recorder at the same instant shuts off 
i\\u current and stop watch (one motion does both). He then 
viy\'\v, and records (a), the time used in going the length of the 
!)jiHr; line and (Z>), the present register number. The difference 
bolweon the initial and final register numbers would of course 
be tho total number of revolutions of the wheel. The length of 
base line, divided by the number of seconds used in traveling 
that difjtance, gives the true velocity of the boat. The number 
of revolutions of the wheel divided by the time, gives the rate 
of niolion of the wheel. The ratio of the velocity of boat to 
the rate of motion of the wheel is the coefficient by which the 
rffiistrations of the meter are changed into the velocity of the 
wat( r. Tills ratio is not a constant, but is usually a linear 
fiHMtion of the velocity. See equation (1) y=a«+& and ex- 
pJanntion pngea 318-319. There being only two quantities to 
Ij/' (Irtvnnined a and b, oiiVy t^o oVi^^x^^Xlon. equations 
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are thoretically necessary, but in order to eliminate obser- 
vation errors, etc., it has been found wise in practice to 
make a considerable number of determinations on the base 
line, one group of say five observations being at low, and 
another similar group at high velocities. The results will prove 
quite instructive to the student, if some additional observa- 
tions be interpolated, some at the minimum speed which will 
produce in revolution of the wheel, and others intermediate 
up to the maximum speed conveniently attainable. 
A convenient form for keeping the field notes is the following: 
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Care must be taken not to rock the boat, and especially are 
students warned against allowing the meter to come in contact 
with anything. Because of its extreme delicacy the Ellis wheel 
might be easily injured. The Ritchie Haskell wheel is more sub- 
stantial, but is not intended to be used as a projectile. The chief 
of party must see to it that no risks are undertaken. The 
rating should be attempted only in quiet weather. 

Of the two methods, graphical and analytical, of solving the 
observation equations, the latter is generally regarded the more 
AGCiirate, and if the method given below be followed, will he: 
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«veii shorter than the graphical method. Before beginning the 
solution It would be well to plat the field notes just as taken, the 
revofutions of the wheel in going 100 feet as ordinates. and th'^ 
time in seconds corresponding, as abscissas. If any other ob- 
servations are untrustworthy, the curve will show the fact by 
the observation falling off of the smooth Hne. 

PBOBLEM 54. 

PREPARATION OF A RATING CURVE AND TABLE FOR A 
CURRENT METER. 

A good method of making both the graphic and analytical 
solution is the following: 

Let V = Velocity of the boat in feet per second. 

R = The number of revolutions of the meter per sec. 
c = The lowest velocity that will revolve the meter, i e. 
the friction on the wheel. 
Then from the theory of the instrument 

ijoo(F-c) (1) 

This placed in the form of an equation is 

R = A(V-c) (2) 

Putting ^ = — » a more convenient form 

R = \(V^c) (3) 

Transposing w§ get 

V=aR + ^ (4) 

Equation (4) is an equation of a straight line, hence platting 
the velocities as ordinates and the corresponding revolutions 
abscissas the result will be a straight line. It has been found 
however that this line has a slight curve near the origin of 
coordinates so it may be considered as being made up of two 
or more straight lines. 

By reference to the specimen field notes it will be seen that 
they have been taken in groups of four trials each, the aver 
age of each Velocity "Vm", and of each average rate of revolu- 
tions, Rm, gives the two coordinates of one point on the rat- 
ing curve. These points, one for each group, when platted on 
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cross-section paper and connected by a smooth curve give the 
rating curve for the meter. From the curve any intermediate 
values may be scaled provided the curve is drawn on a suffi- 
ciently large scale, say, 3 inches = 1 foot per second and 10 
inches = 1 revolution per second. 

The analytical method consist in first computing the numeri- 
cal values for a and c in equation 4. If the rating curve be 
not a perfectly straight line it indicates that the values of a 
and c are not constant. It has been found in practice that 
two sets of values at least are needed, one for the lower por- 
tion of the curve, and one for the upper and straighter por- 
tion. 

Thus, if the observed values for Vm and Rm, found in 
groups 1 and 2, be substituted for V and r in equation (4), the 
resulting equations can be solved for a and c thus: 

0. 534 = 0. 197a + c (5) 
1. 776 = 0. 726a -I- c (6) 

Solving these equations by usual methods, gives a = 2.349 
c =: .07 for the values to be used in the lower part of the curve 
i. e. slow velocities. Again substituting the observed values 
of Vm and Rm found in groups 2 and ^3 in equation (4) and 
solving for a and c gives a = 2.177 and c = 0.19 as the values 
to be used in the upper part of the rating curve up to Vm = 3.2 
By solving similar equations from groups 3 and 4 the constants 
to be used for velocities between 3.2 and 5 feet per second can 
be computed. 

A rating table, which expresses th^ velocity of the water as 
a function of the number of revolutions per second of the 
current meter wheel can be quickly computed from equation 
(4) using the proper numerical values for a and c. Each 
student will make out such a table from the data given in 
Problem 53 or in similar data furnished by the instructor. 

PROBLEM 55. 

MEASURING THE DISCHARGE OF A RIVER. 

Equipment. — Any of the department current meters with 
usual connections, register and record book. 

Directions.— Tsilxe the apparatus to the Johnson Street 
bridge across the Yahara River. Read and record the height 
of the water on the gage at this point. Mark points on the 
bridge floor from one abutment at every five foot interval. 
The meter cord having been graduated into feet intervals the 
meter is first lowered into the water at station zero near cvua 
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abutment, and the sounding at this point taken and recorded. 
The meter is then raised until it is at a point 6-10 of the total 
depth at this station. The number of revolutions of the wheel 
is then recorded for a 50 second period, and the observation 
duplicated as a check, both results being recorded. This opera- 
tion is repeated at each 5 foot point across the stream. 

If the river is frozen, observations of the velocity should be 
taken at 2-10 and 8-10 of the depth below the bottom of the 
Ice, and the average of both taken as the average velocity of 
the section. 

Form of Field Notes Problem 54 i-^a Dischargb Measure- 

ME.NT OF RJYEH. 
(Left Hflud rngt*.) 
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PROBLEM 56. 

PREPARATION OF A DISCHARGE CURVE AND RATING 
CURVF FOR A RIVER. 

When it is desired to secure a record of the daily discharge 
of a river for a period ot several months or years, a water 
gage is first established at the point to be investigated which 
is systematically read two or more times daily. Discharge 
measurements are then made of the river at various seasons 
of the year and at different stages of water, i. e. at varying 
gage heights. 

If these observations be platted on cross-section paper with 
the gage heights as ordinates and the corresponding discharges 
as absissae, the smooth curve drawn through the center of 
gravity of such points, is called a discharge curve for this 
particular station. 

By inspection of such a curve, the discharge corresponding 
to anv particular gage height can easily be found. 

The student may construct a discharge curve of Wisconsin 
River at Kilbourn from the folowing data. 

Discharge 
Gage height. cu. ft. per sec, 

0.7 4.20O 

0.7 4,30<) 

6.35 1(5.700 

6.9 IS. 100 

7.3=1 li^300 

8.25 ^O.^^OO 

8.9 23.500 

10.0 2:»,r,oo 

11.5 S-3,200 

13.3 8^.500 

Usually it is more convenient to have this information put 
in a form known as a rating table. This is prepared by tak- 
ing from the curve the discharges for every even foot on the 
. ^ifxe and then prorating the discharge for each tenth of a toot 
l)etween, like the following. 
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Rating table for Wisconsin River at Kilbourn, Wis. f OpenConditionsJ , 



Gage 

heiffiiU 


Discharge. 


Gasre 
height. 


Discharge. 


Gage 
height. 


Discharge. 


Feet. 


Sec.'ft. 


Feet. 


See.-ft. 


Feet. 


S,ec.-Jl, 


0.00 


2,900 


3.00 


9.100 


6.00 


16.050 


0.10 


3,100 


3.10 


9..S25 


6.10 


ld.300 


C.20 


3.3J0 


3.20 


9.550 


6.20 


16,550 


0.30 


3,500 


3.30 


9,775 


6.30 J 


lO.SOO 


0.40 


3,700 


3.40 


10,000 


6.40 


17.050 


0.50 


3,900 


3.50 


10.225 


6.50 


17.8JJ 


0.60 


4.100 


3.60 


10.450 


6.60 


17,j50 


0.70 


4.3i0 


3.70 


10.675 


6.70 


17,300 


0.80 


4,500 


3.80 


10,900 


6.80 


18.050 


0.90 


4,700 


3.90 


11.125 


6.90 


18.300 


^ 1.00 


4,900 


4.00 


11,350 


7.00 


18,550 


1.10 


5,105 


4.10 


11,580 ! 


7.10 


18,805 


1.20 


5,310 


4.20 


11,810 


7.20 


19,000 


1.30 


5,515 


4.30 


12,040 


7.30 


19,315 


1.40 


5.720 


4.40 


12.270 


7.40 


19,570 


1.50 


5,925 


4.50 


12,500 


7.50 


19.825 


1.60 


6,130 


4.60 


12,730 


7.60 


20,000 


1.70 


6,335 


4.70 


12.960 


7.70 


20,335 


1.80 


6.540 


4.80 


13,190 


7.80 


20,590 


1.90 


6.745 


4.90 


13.420 


7.90 


20,845 


2.00 


6,950 


5.00 


13,650 


8.00 


21,100 


2.10 


7,165 


5.10 


13,890 


8.50 


22,450 


2.20 


7.380 


5.20 


14.130 


9.00 


23,900 


2.30 


7.595 


5.30 


14.370 


9.50 


25,300 


2.40 


7,810 


5.40 


14,610 


10.20 


26,900 


2.50 


8,025 


5.50 


14,850 


10.25 


28.600 


2.60 


8,240 


5.60 


15,090 


11.30 


30.300 


2.70 


8,455 


5.70 


15.330 


11.35 


32,200 


2.80 


8,670 


5.80 


15,570 


12.40 


34,100 


2.90 


8,885 


5.90 


15,810 







PROBLEM 57. 

PREPARATION OF A HYDROGRAPH OP A RIVER. 

For the purpose of planning the turbine installation in a 
water power plant and for other purposes, the daily discharge 
of a river for a term of several months or years is most con- 
veniently shown by a hydrograph curve constructeti as fol- 
lows. The daily discharges of the river, determined by the 
daily gage heights and the rating table, are platted as ardinates 
on cross-section paper with the corresponding days of th€ 
month as absissae. The student may prepare a hydrograph ol 
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the Wisconsin River at Kilbourn from the following record of 
observed gage heights, using a scale of 1 inch = 2000 second 
feet and 1 inch = 10 days. 



Daily gage height of Wisconsin River at Kilbourn for 1907. 



Day. 


Jan. 


Feb. 


M&i. 


Apr. 


May. 


Jjce. 


1 


1.7 
1.3 


4.1 

4.1 

4.0 ■ 

3.9 

3.7 

4.1 

4.0 
3.6 
3.5 
3.3 
3.3 

3.2 
3.5 
3.3 
3.2 
3.1 

3.3 
3.5 
3.3 
3.7 
3.3 

3.2 
3.0 
3.0 
3.0 
2.7 

2.8 
2.6 


2.4 
2.5 
2.5 
2.6 
2.3 
2.3 

2.1 
2.1 
2.0 
2.0 
2.0 

2.3 
2.9 
2.9 
3.1 
3.3 

3.1 
2.8 
2.8 
2.5 
2.6 

2.6 
3.2 
3.6 
4.1 
5.3 

6.7 
8.3 
10.1 
11.9 
13.0 


12.8 
.2.8 
12.9 
12.1 
30.8 
9.9 

9.2 
9.0 
8.7 
8.1 
7.4 

6.9 
6.6 
6.6 

6.8 
6.7 

6.5 
6.0 

5.8 
5.0 
4.8 

4.7 
4.7 
4.4 
4.8 
4.9 

5.1 
5.2 
5.2 
5.5 


5.5 
5.4 
5.3 
5.0 
5.0 
4.9 

4.9 
4.7 
42 
4.2 

. 4.0 

3.7 
3.5 
3.7 
3.8 
3.4 

3.8 
4.5 
5.3 
5.4 
5.0 

r..i 

4.5 
4.3 
4.2 
4.3 

4.2 
4.2 
4.0 
4.0 
4.0 


3 5 


2 


2 2 


3 


3 


4 


1.9 
1.9 


i:.9 


5 


S 


6 


2.5 


7 


1.5 
1.5 
2.6 
2.5 
2.5 

2.5 
2.5 

2.7 
3.0 
3.7 

3.0 
3.0 
3.0 
3.5 
4.0 

3.9 
4.3 
4.3 
4.3 
4.5 

4.3 
4.3 
4.0 
4.6 
4.1 


2 4 


8 


2.4 


9 


2 3 


10 


2 2 


11 


2.5 


|0 


2 3 


13 

14 


2.3 
2 3 


15 


2 3 


16 


2.1 


17 


1 9> 


IS 


1 9 


19 


1 9 


20 


1 4 


21 


1.3 


22 


1 3 


23 




24 


i 6 


25 


9 


26 


1 9 


27 


1 9 


28 


1.7 
1.7 
1.8 


29 


30 




31 
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CHAPTER VI.-RAILROAD SURVEYING. 



I;' 



Classification.— The field and office work connected with the 
first course in railway engineering will be taken up in the follow- 
ing order: (1) Reconnaissance, (2) preliminary survey, (3) map- 
ping land paper location, (4) location survey, (5) construction 
survey. 

The reconnaissance will be a reconnaissance only for line 
and will extend over a route selected by the instructor. Dis- 
tances will be paced and elevations taken by the aneroid barom- 
eter. Use should also be made of all available county and town- 
ship maps. 

The preliminary survey will consist of a series of tangents, 
stakes being set every 100 feet, and running as near the final 
location as those in charge can best judge, but being primarily 
" a back bone" from which to obtain topography. Levels will be 
run ove? these tangents and the topography taken from each 
station. 

When the preliminary line is completed the map will be 
plotted and the paper location made. From this paper location 
such notes will be taken off as will enable the location survey 
to be made on the ground. 

I.i ihe location survey the line is staked out so far as align- 
^meut is concerned as it is expected to be when finally completed. 
AH curves will be put in and levels run from which the true 
profile and grade lines of the proposed road are obtained. All 
curves of hiffhor desfree than two degrees will be spiraled by the 
Holbrook spiral or some form of compound curve. 

I'Ue construction survey then follows. Cross sections will be 
taken in order to obtain the quantities of excavation and em- 
bankment as well as the position of slope stakes. The P. C. 
and P. T. of every curve, as well as intermediate points on long 
tangents or curves will be referenced out so as to be easily re- 
p'.acod when destroyed by the construction work. Slope stakea 
will be set at every full station, at each P. C. and P. T., and at 
all other points where irregularities occur in the surface on 
either side of the center line. Borrow pits and waste banks aro 
to bo located and right of way stakes will be driven where nec- 
essary to limit the boundaries of same. 

Party Organization.— The class will be divided into sectiooi^ 
each containing the following parties: (1) Transit party, (2) level 
party, (3) topography party, (4) cross section party. The topog- 
raphy party will be used only on the preliminary survey ana 
■viu be replaced by the croai section party on construction. Eacb 
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member of the class will provide himsolf with a field book* irr 
which will be kept a complete record of all notes taken by his 
section. Note keepers will allow other members of the seel ion 
to copy the day's notes before the succeeding field practice. 
Particular stress is laid on the necessity of keeping the notes up 
to date as in case of inclement weatber the class will meet in the 
draughting room for the purpose of plotting up notes and it will 
be found essential to have complete notes at such times. 

When in the field, each member of a party should endeavor to 
hasten the work as much as possible by being rapid and at the 
same time exact in his own work. At the same time care should 
be taken to avoid interfering with the work of others whose work 
should precede his. The position of each member of a section 
will be changed from day to day in order that each member of 
the section may become familiar with the duties in each position. 

Transit Parly.— The transit party will consist of the follow- 
ing members: (1) Transit man, (2) front flag, (3) rear flag, (4) rear 
chain, (5) stakeman. The transitman should be equip f^od with 
the transit complete, note book, rending glass, and fiftaring pad» 
The transit party locates the "backbone'* and as all the remain- 
der of the work depends upon this, the speed of the entire sur- 
vey depends to a groat extent upon the speed of the transit party* 
The transitman keeps all the transit notes and whatever addi- 
tional information he may consider it useful to record. 

On the preliminary survey the transit is centered over a tack 
at station zero and the first tangent established where designated 
by the chief of party. The azimuth of this tangent is obtained 
by setting off the magnetic declination with the verniers at 18C, 
then clamping the lower motion, loosening the upper motion 
and turning on the desired tangent. The needle as well as the 
azimuth is read at every set-up in order to detect any serious 
error in the work. The roar chainman then holds his tape on 
station zero and each 8U(;cessive station as the work progresses 
and the front flagman establishes stakes every 100 feet. When 
the end of a tangent is reached a tack is set in the hub at this 
point. The transitman then occupies this hub, the rear flag the 
first preceding one and a new tangent is established, the transit- 
man recording the station of the hub, azimuth, magnetic bearing 
and angle turned. On setting a new hub double centering should 
be used, the rod always being observed as near the bottom as 
possible. Where it is impossible to see the bottom of the rod the 
transitman should signal the front flag, if necessary, to plumb 
the rod. The transit should be tested for adjustment from time 
to time as no excuse can be given for poor work on account of 

*Tbe Smith topographic field book is preferred because of its adaptability 
for sketchiDg. 
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an instniment being out of adjustment A sample form of tran- 
sit notes for the preliminary and location surveys are given 
below 
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Fio. 11. 
Form of Transit Notes on Preliminary Snrvey. 
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Fio. 12. 
Form of Transit Notes to be used on Location Survey. 

The front flagman, who also serves as front chainman, requires 
only bis transit pole as bis equipment. In setting stakes he 
tolas the end ol the chain flush with the rod which he lines in 
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by following the directions given him by the transitman. He 
can save some time by learning to count his steps between 
stations and lining himself in approximately by the two previous 
stakes. He makes a slight hole with the rod as a guide for the 
stakeman and when the stake is driven marks the true distance 
on it by a line, or better still, by an arrow point. On locations he 
should center his stake as well as checking it for distance. The 
center check is not necessary on raj;)id preliminary, unless there 
is reason to believe the stake has moved a considerable distance 
out of line. The customary rules in regard to taping, such as 
straightening the tape, breaking tape in chaining down or up 
steep grades, etc., will apply in this work. 

The equipment for the rear chainman consists of the 100 ft 
chain or tape, and a plumb bob. He holds the rear end of the 
chain on the line or arrow point set by the front chainman. On 
coming to a station he should always call out ''chain'* in order to 
avoid stopping the head chainman with a jerk. When holding 
the chain for distance he should stand at one side of the line, 
on the outside on curves so as not to obstruct the transitman 's 
view. After a stake is driven he should call out to the stakeman 
the number of the stake where he is as a check. In some cases 
the number is given before the stake is driven. 

The rear flagman's equipment consists merely of the transit 
rod and it is his duty to give the transitman his "backsights'* 
when signaled for. He should be at all times on the lookout for 
signals. 

The stakeman 's equipment consists of flat station stakes and 
hubs, tacks, keel or marking crayon and a hatchet. He accom- 
panies the front chainman, numbering the stakes after hearing 
the number of the preceding one from Ithe rear chainman, and 
driving stakes where indicated by the front chainman. When 
hubs are placed he sets the tack and then drives a guide stake 
with the number of the station on it about three feet to -the right 
of the station and inclined away from it, the number being on 
the side toward the hub. Hubs are driven flush with the 
ground. In actual practice one or more axemen accompany the 
party and attend to clearing away brush, trees, etc., as well as 
driving the stakes for the stakeman, but such work will not be 
required in this survey. ^ 

Level Party.— The level party follows the transit party in 
both preliminary and location surveys. It consists of a level- 
man and rod man in practice, but in this work it may be found 
expedient to increase the size of the level party. Levels are 
taken to the nearest tenth on all full stations and on location 
levels should also be taken at every break in the surface of the 
ground along the center line. On turning points levels should 
be taken to the nearest hundredth of a foot. Bench marks should 
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be established at frequent intervals, from 1,000 to 2,000 feet 
apart, along the line, care being taken to use only such points as 
will not be disturbed, as for example, the root of a tree some dis- 
tance outside the right of way. Water levels should be taken at 
the edges of all streams, ditches, etc., and should also show the 
height of the water and where possible the level of the bottom 
of the ditch or stream. Levels should also be taken on all high- 
way crossings. 

The levolman^s equipment consists of a level, adjusting pin, 
and field book. The level man should keep his instrument in 
good adjustment, for the accuracy of the level work depends 
largely on this. Where possible the levelman should read the rod 
directly, recording the station or plus as called to him by the 
rodman. He should often check his work by taking the differ- 
ence of the sums of the backsights and foresights. His notes 
should be neat and easily followed. They should contain an ac- 
curate and full description of all bench marks, the date, and 
members of the level party. The general form for notes on 
preliminary surveys is given below. 
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Fig. 13. 
Form for Level Notca, 



The column headed "rod*' is used for recording the readings 
on the stations and pluses and that headed **— " is used for re- 
cording the foresights on turning points. 

The rod man's equipment consists of the level rod, turning 
point, hatchet, tacks and note book. It is often unnecessary to 
use the turning point as the tops of hubs or stakes can be used, 
but care should be exercised to select only stable points as turn- 
ing points. The hatchet is to be used for clearing, when neces- 
sarjr, but will be more often needed for chopping bench marks 
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on the roots of trees. It will be foand advantageous to drive a 
tack flush where the rod is hold on such bench marks in order 
to define the exact point. The rod man should record the target 
readings on turning points and give them to the level man when 
he comes forward, or vice versa. He should also check the lovel- 
man in his computations, each man doing the work separately. 

Topography Party.— The topography party usually follows 
the level party, the necessity for it depending on the manner in 
which the topography is taken. It may be obtained (1) by the 
stadia method, (2) by locating contours with a hand level, (3) by 
obtaining slopes with the clinometer and interpolating for the 
contours. Sufficient practice has been obtained in the previous 
courses in topographic engineering to enable the student to use 
the stadia method, so the work of the topography party will be 
mostly confined to methods (2) and (3). The party will consist 
of the topographer, rodman, tapeman and recorder. Contours 
will be located every five feet and the width of the strip over 
which to locate contours will be determined largely by the char- 
acter of the country, but it should in no case be less than 150 feet 
on each side of the center line. The topography party should 
also locate all buildings adjacent to the line, all fences, streams, 
roads, should show the outline of swamps, woods, rock outcrops^ 
etc 
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Fig. 14. 
Form for Topography Ncvlo^, 
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The equipment of the topographer consists, in case (2), of a 
hand level and rod approximately live feet long. The hand level 
is held on the rod which is of such a length that the distance 
from the ground where the rod is held to the line of sight of the 
level is five feet. He then reads on the rod the reading for the 
first even five foot contour above or below the station, the eleva- 
tion of the station having been previously obtained from the 
level party. The rod man holds the rod, which is an ordinary 
level rod without a target, and also the front end of the tape, 
while the tapeman reads the distance from the station to the 
contour, calling it out to the recorder who records it in the man- 
ner shown in Fig. 14. 

Whenever a contour crosses the center lino the distance to it 
frooi the preceding station should be recorded. An ordinary 
level rod is to be used for the speaking rod, and the tapeman 
should have a 50 foot steel tape. 

When the clinometer is used the slope or slopes on each side 
are measured by reading the vertical angle corresponding to the 
slope of the ground. Then by means of a suitably constructed 
diagram, such as is shown below, the distance apart of the con- 
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tours for any ffiven interval can be obtained and the contours 
sketched in. The recorder should sketch in his contours as well 
as fences, buildings, etc., as in the previous metho I. 

Cross Section Party. — Cross sections will be taken (1) by 
means of a level and rod and (2) by the use of cross section 
lK>ards. The organization of the party for method number one 
consists of a levelman, rodman, tapeman and recorder. The rod 
is held on the station where the sections are desired, a reading 
taken and recorded. Then readings are taken at every break in 
the slope of ground on each side of the station, the distance out 
from the station being obtained at the same time and called to 
the recorder who records the distance above or below the sur- 
face of the ground at the station as well as the distance out. in 
the manner shown below. The notes should read from the bot- 
tom of the page to the top, and the center line of the right hand 
page be taken as the center line of the survey. Cross sections 
should be taken at all full stations, at the P. C. and P. T. of 
every curve, and. at all breaks in the surface either on the sides 
or along the center line. 
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Fig. 16. 
Form Cross-section Notes. 

When cross section boards are used only three men are re- 
quired, two to run the boards and one to record. The method of 
using the boards is to hold the horizontal board level, with its 
zero end at the center line at the station where sections are to be 
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taken. The vertical board is then held vertical at the point 
where the elevation is desired, and the distance below the sta- 
tion read directly from the vertical board, and the horizontal 
distance out read on the horizontal board, both readings being 
recorded as shown in the sample notes. In the case where the 
point is higher than the ground at the center line, the vertical 
rod is held on the center line and the horizontal rod rested on 
the ground at the point where the elevation is desired, the 
height at distance being read as before. Cross sections should 
be taken at right angles to the line on tangents and radially on 
curves. 

Office Work. — The first work in the office will be to p^lot up 
the transit and topography notes on a scale of 200 feet to 1 inch. 
Then a paper location will be made under directions from the 
instructor. The maximum rate of grade and degree of curvature 
will bo given and the location made within these limits. Then 
the notes will bo taken off which will be necessary to make the 
location survey. When the location survey has been made and 
the cross sections taken, the profile on the located line will be 
plotted on a scale of 1 inch horizontal equals 200' and 1 inch ver- 
tical equals 20'. Grades will then be established and vertical 
curves computed. The cross sections will then be plotted and 
the earth work computations made. Finally a complete esti- 
mate will be made of the entire cost of the constructicHi work 
ready for the rolling stock. ^ The location, including topography, 
will then be traced and the'profile with grades traced on the same 
sheet or sheets. At the end of the semester each student should 
have prepared the following items: 

(1) Note book with complete nptes of survey. 

(2) Map showing alignment, topography, and profile with 
grades. 

(3) Complete estimate of cost of construction, which will in- 
clude earthwork, right of way, ballast, ties, rails, spikes, 
tie-plates, rail fastenings, bridges, culverts and fencing. 
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TABLES SHOWING HORIZONTAL 



DISTANCE AND 
DIFFERENCE OF ELEVATION 

For Stadia readings of 100 units at various vertical angles. 
The values of other readings are obtained by multiplying the 
quantities under the proper vertical angle by the corrected sta- 
dia reading obtained from the interval table divided by 100; 
for example, if the corrected stadia reading is 134.6 and the 
vertical angle 6° the true horizontal distance is found by multi- 
plying 98.91 by 1.346, and the vertical distance is found by 
multiplying 10.4 by 1.346. The method of constructing and 
using the interval table is explained in Problem 48. 

These tables were computed by Mr. Arthur Winslow (now 
General Manager and Consulting Engineer of the Liberty Bell 
Gold Mining Co., of Kansas City, Mo.), and first appeared in a 
report of the Pennsylvania Geological Survey. 
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